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Introduction 

The  balsam  woolly  aphid,  .Adelges    (=Chermes)   piceae    (Ratzeburg),    is  one 
of  the  most  inconspicuous  insect  pests  in  the  woods.      Because  the  aphid  itself 
is   so  tiny  and  the  damage  accumulates   gradually  over  a  period  of  years,    the 
insect's  presence  often  goes  unnoticed.      However,    the  aphid's   size  and  method 
of  attack  is  not  a  measure  of  its  importance.     In  the  Pacific  Northwest,    the  aphid 
has  demonstrated  considerable  ability  to  kill  and  damage  three  species   of  our 
native  true  firs.      In  a  period  from  about  1950  to  1957,    more  than  a  billion  and  a 
half  board  feet  of  comnnercial-sized  sawtimber  was  killed  or  seriously  weakened 
in  a  400,  000-acre  area  in  southwestern  Washington  (Pope  1958).      Additional  un- 
measured damage  has   occurred  since  1957. 

Early  recognition  of  damage  caused  by  the  balsam  woolly  aphid  can  result 
in  considerable  savings   of  timber.     Stands   suffering  the  greatest  damage  can  be 
scheduled  for  early  logging.      This   paper  aims  to  aid  the  forester  and  landowner 
by  describing  (1)  some  distinguishing  characteristics   of  the  aphid  and  its  damage 
and  (2)  the  nature  of  balsam  woolly  aphid  infestations  as   related  to  its  three 
principal  hosts   in  Oregon  and  Washington- -Pacific  silver  fir  (  Abies   amahitis 
(Dougl.  )  Forbes);  subalpine  fir  (  A.    lasioaarpa    (Hook.  )  Nutt.  );  and  grand  fir  (  A. 
grandis    (Dougl.  )  Lindl.  ).      Information  is   also  presented  on  the  susceptibility  of 
15  other  species  of     Abies  -  -exotic  and  native  - -growing  in  the  Pacific  Northwest. 


History  of  the  Aphid 

The  balsam  woolly  aphid  is  widely  distributed  throughout  Europe  and 
North  America,    infesting  only  the  true  firs   (  Abies   spp.  ).      The  insect  is  native 
to  western  Europe,    where  the  principal  host  is   European  silver  fir  (  A.    alba 
Miller),    a  tree  that  suffers   little  or  no  danriage  from  the  aphid.      It  was   introduced 
into  North  America  about  1900,    probably  entering  eastern  Canada  on  nursery 
stock  near  the  southern  end  of  Nova  Scotia  (Balch  1952).      From  there,    and  possi- 
bly another  introduction  point  in  Maine,    the  aphid  spread  over  extensive  areas   of 
the  Maritime  Provinces  and  NeW  England  States,    killing  and  damaging  thousands 
of  acres  of  balsann  fir  (A.    balsamea  (L.  )  Mill.  ).     In  1957,    the  pest  was  also  dis- 
covered in  southeastern  United  States,    infesting  Eraser  fir  {A.    fraseri  (Pursh) 
Poir.  )    (Speers   1958). 

The  first  record  of  the   balsam  woolly  aphid  on  the  west  coast  of  North 
America  was  in  1928  (Annand  1928).      The  aphid  was   observed  infesting  noble  fir 
(  A.    pvooevfi  Rehd.  ),    grand  fir,    and  the  European  silver  fir  in  and  near  San  Fran- 
cisco,   California.      In  1930,    significant  damage  to  grand  fir  in  Oregon's  Willa- 
mette Valley  marked  its   appearance  in  the  Pacific  Northwest  (Keen  1938).      The 
true  seriousness   of  the  pest  became  apparent  in  195Twhen  forester  M.  M.  Grobin 


found  the  aphid  killing  Pacific  silver  fir  stands   around  Mount  St.    Helens  in 
Washington  (Johnson  and  Wright  1957).      Further  searching  the  same  year  re- 
vealed the  aphid  also  present  in  subalpine  fir,    in  both  Oregon  and  Washington. 
By  1957,    an  estimated  600,  000  acres  of  forest  in  the  two  States  were  infested 
by  the  balsann.  woolly  aphid  (Whiteside  1958).     Since  then,    aphid  infestations 
have  also  been  found  on  Pacific  silver  fir  near  Vancouver,    British  Columbia, 
and  on  grand  fir  on  Vancouver  Island  (Silver  1959). 


Aphid  Distribution  in  Oregon 
and  Washington 

The  balsam  woolly  aphid  has   spread  along  the  summit  and  west  side  of 
the  Cascade  Range  from  the  middle  fork  of  the  Snoqualmie  River  in  Washington 
to  Crater   Lake  National  Park  in  Oregon.      The  principal  host  in  the  mountains 
is   subalpine  fir,    but  extensive  infestations   in  Pacific  silver  fir  stands   are  found 
at  lower  elevations  in  Washington,    particularly  in  the  vicinity  of  Mount  St.  Helens 
and  around  Mossy  Rock  and  Morton.      Isolated  areas   of  infestation  in  Pacific 
silver  fir  are  also  found  in  the  coastal  mountains  near  Grand  Ronde,    Oregon, 
and  west  of  Centralia,    Washington.      In  the  lowlands,    the  aphid  infests   grand  fir 
throughout  Oregon's  Willamette  Valley  and  into  Washington  as  far  north  as 
Olympia.      Infestations  on  exotic  plantings  have  also  been  noted  in  Bremerton 
and  Auburn,    Washington,    suggesting  that  the  aphid  is   probably  dispersed  through- 
out the  Puget  Sound  area.      Infestations  in  grand  fir  have  been  observed  in  the 
valley  bottoms  of  most  Oregon  coastal  streams,    from  Astoria  in  the  north  to 
Coquille  in  the  south. 


Appearance  and  Biology 
of  the  Aphid 


The  balsam  woolly  aphid  may  be  as  small  as  1/75  of  an  inch  in  length 
when  newly  hatched;  maximum  adult  size  seldom  exceeds  1/Z5  of  an  inch. 
Viewed  through  a  microscope,    the  adult  is  purple  to  black,    wingless,    and  almost 
spherical.     It  is  ordinarily  concealed  beneath  a  white,    woollike  secretion,    which 
also  covers  a  clutch  of  amber-colored  eggs   (fig.    1).      Except  for  the  newly  hatched 
crawler  stage,    all  forms   resemble  the  adult  and  live  out  their  lives  anchored  to 
one  spot  on  the  bark  surface.      The  new  crawler  stage,    in  contrast,    is  amber 
colored,    long  legged,    and  very  active. 

The  balsam  woolly  aphid  has  two  generations   per  year  throughout  most 
of  its   range,    though  in  lowland  valleys  there  may  be  as  many  as  four  generations 
per  year  (Mitchell  et  al.    1961).      Aphid  populations  in  the  Pacific  Northwest  are 
composed  wholly  of  females,    thus  increasing  efficiency  of  reproduction  by 


Figure  1. --Magnified  view(36X)of  feed- 
ing adult  aphid  (A)  and  eggs  (B). 
Woolly  secretion  pushed  aside  for 
photographing. 


eliminating  the  necessity  of  mating.     Some    30  to  100  eggs  are  laid  by  an  adult, 
permitting  a  theoretical  production  of  900  to  10,  000  progeny  in  a  two-generation 
year.      In  warm  weather,    eggs  hatch  within  a  few  days   after  being  laid,    and  the 
new  crawlers   seek  out  a  place  to  feed.      The  site  selected  nnay  be  close  to  the 
place  of  hatching  or  it  may  be  on  another  tree.      Dispersal  to  other  trees  appears 
to  be  accomplished  largely  by  wind.      Once  a  suitable  location  has  been  selected, 
the  insect  inserts  its   long,    threadlike  mouthparts  into  the  living  bark  and  starts 
feeding  (fig.    2). 


Figure  2. --Greatly  enlarged  (78X) 
view  of  an  adult  balsam  wo 
The    threadlike     mouthp 
through  which  food  is  take 
injected  into  the  host,  are 
as  long  as  illustrated  here 


Nature  of  Aphid  Damage 


When  the  aphid  feeds,    it  pumps   a  salivary  substance  into  the  tree  (Balch 
et  al.    1964).      The  saliva  is  toxic  and  produces   abnormal  reactions  in  the   cells 
of  the   cambium  and  differentiating  tissues   of  the  phloem  and  xylem   (Doerksen 
and  Mitchell  1965).      Cellular  damage  is   always   localized  ^vithin  a  few  milli- 
meters  of  where  the  aphid  feeds.      Accordingly,    the  amount  of  damage  to  a  tree 
depends  not  only  on  the   size  of  the  aphid  population  but  also  where  it  is  located. 
Populations   concentrated  in  the  outer  portions   of  the  tree's   crown  cause  less 
damage  than  populations   on  the  main  stem  and  large  branches. 
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Syinptoms   of  a  crown  infestation 
are  swelling  of  the  outer  nodes   and  termi- 
nal buds   (called  "gouting"  in  the  literature), 
and  inhibition  of  new  growth  (figs.   3,  4,  and  5). 


Figure   3. --Gouting   by   balsam   woolly    aphid 
settling   along  the  twig  and  around  flower 
buds.  Typical  of   upper    crown    on    large 
trees,    especially    around  staminate  flowers 
(subalpine  fir). 


Figure  4. --Gouting  by  the  balsam  woolly  aphid  sett- 
ling around  nodes  and  on  lenticels  of  stem. 
Typical  on  suppressed  trees  (subalpine  fir). 


The  swelling  is   caused  by  an  increased 
production    of    thick-walled    xylem    cells 
and  enlargement  of  phloem  and  bark  cells. 
The  result  is  that  shoot  growth  is   inhibited 
or    halted     entirely.        This    loss    of   new 
growth,    coupled  with  natural  shedding  of 
old  needles,    results   in  a  crown  that  be- 
comes  increasingly  thin  and  less  effective 
in  its    photosynthetic  function.      A  persis- 
tent infestation  of  this  type  can  kill  a  tree, 
but  the  decline  is   slow. 

With  a  stem  attack,    the  most  con- 
spicuous  evidence  is   often  the  aphid  itself; 
population  densities   of  20  or  more  aphids 
per  square  inch  appear  as   a  whitish,    cot- 
tony  film    on    the    bark    (fig.    6).        Other 
symptoms   are  formation  of  compression- 
like wood  in  the  xylem  (fig.    7)  and  an  ab- 
normal cell  arrangemient  in  the  phloem 
and  cortex.      Precisely  how  the   cellular 
response  affects  tree  health  is  unclear, 
though  indications   are  that  both  water  and 
food  movement  are  impaired.      Whatever 
the  effect,    the  response  is   rapid;  heavy 
stem  infestations  have  been  known  to  kill 
trees   in   3  years. 


Figure  5.--Gouting  by  balsam  woolly 
aphids  settling  only  around  the 
buds  and  annual  nodes.  Typical 
on  trees  with  smooth  internodal 
bark  (grand  fir). 


Figure  6. --Stem  infestation  of  the  balsam 
woolly  aphid  on  subalpine  fir,  about  75 
aphids  per  square  inch. 


Figure     7. --Compressionlike     wood 
(rotholz)  produced   in  grand  fir  in 
response    to  7   years  of  stem 
infestation. 


Infestation  Characteristics 
on  Native  Firs 


The  character  of  infestations   and  their  effects   differs  markedly  with 
different  species.      These  differences   are  probably  nowhere  more  apparent  than 
in  the  Pacific  Northwest  where  there  are  three  hosts   of  the  aphid,    sometimes 
growing  in  mixture  and  occupying  a  great  variety  of  sites.      Descriptions   of  some 
of  these  characteristics   and  reactions   are   presented  below. 

Grand  fir 

Of  the  three  Pacific  Northwest  hosts,    grand  fir  is   the  most  resistant  to 
the  balsann  woolly  aphid.      It  has  been  known  to  endure  infestations  as  long  as 
15  years,    and  though  growth  loss   and  defect  due  to  abnormal  wood  nnay  be  con- 
siderable,   probably  no  more  than  20  to  30  percent  of  the  infested  trees  die. 
Damage  is   caused  largely  by  bole  infestations.      Injury  stemming  solely  from 
gouting-type  crown  infestations  is   rare. 

Trees   are  first  susceptible  to  attack  when  they  are  about  15  years   old, 
with  the  largest,    most  vigorous  trees   infested  first.     Stemi  infestations  are  most 
abundant  and  mortality  is  greatest  in  the  25-  to  35-year  age  class,    w^hen  domi- 
nant and  codominant  trees   are  about  8  to  10  inches  d.b.h.      Sporadic  infestations 
and  some  mortality  also  occur  in  older  age  classes,    but  these  are  mostly  rein- 
festations   of  trees   that  survived  infestations  in  earlier  years.      It  appears  that 
most  trees   over  45  years   old  in  the  Willannette  and  coastal  valleys  have  been 
infested  at  one  time  or  other. 


Infestations   on  grand  fir  usually  start  on 
the  lower   5  feet  of  the  main  stem.      After  2  to  5 
years   of  feeding,    the  aphids  gradually  exhaust 
the  bark  of  available  nutrients,    and  the   popula- 
tion moves   upward.      A    portion    of   the  bark  just 
below  the  surface  dies,    and  a  resin-impregnated, 
wound  layer  develops.      During  the  change,    the 
bark  turns  black  and  usually  is  accompanied  by  a 
heavy  resin  flow,    as   shown  in  figure  8.     The  resin 
comes   largely  from  callous  areas   on  the  underside 


Figure  8.--Resinosis  on  grand  fir  from  pro- 
longed stem  attack  by  the  balsam  woolly 
aphid. 


of  limbs  and  where  limbs  join  the 
main  stem  (fig.    9).      Later,    as  the 
tree  grows,    the  bark  develops  fis- 
sures,   and  the  resin  hardens.      The 
cracks  in  the  bark  permit  aphids   to 
reinfest  the  areas   previously  aban- 
doned. 


Often,    the  first  characteristic 
of  crown  decline  is   a  drooping  of  the 
terminal  10  to  15  feet  of  the  crown  (figs. 
10  and  11);  eventually,    often  during  the  first 
winter,    the  top  breaks  off.      Typically,    the  lower 
limbs  become  infested  and  develop  distress   symptoms 
before  those  in  the  upper  crown;  thus,    infested  grand  fir 
often  appears  to  be  dying  from  the  bottom  upwards. 


Figure  9. --Callous  areas  from   aphid 

infestation  on  the  basal  portion 

of  grand  fir  limbs. 


Figure  10. --Top-curl  from  balsam  woolly 
aphid  infestation  on  grand  fir. 


Figure  11. -Top-curl  from  infestation  on 
subolpine  fir.  Down-crook  at  end  of 
limbs  is  also  characteristic. 


--> 


Also,    because  the  less  vigorous  internodal  branches   succumb  rather  quickly, 
there  is  a  general  impression  that  the  tree  is  dying  from  the  inside  out.      As  the 
infestation  naoves  upward,    the  abandoned  lower  limbs   often  show  some   recovery, 
particularly  w^ith  open-grown  trees.      After  several  years,    if  the  tree  is   still 
alive,    the  population  reaches  the  top,    and  the  upper  limbs   are  killed  or  severely 
damaged.      Then  the  tree  appears  to  die  from  the  top  down.      Figures   12a  and  12b 
(pictures   of  the  same  tree  taken   5  years  apart)  show  the  final  stage  of  decline. 


h4#I> 


^■:T^, 


( 


Figure    12. --Open-grown    grand   fir  in   the   last   stages   of  decline   from   infestation   by   the  balsam 
woolly  aphid.  A  was  photographed  in  1957;  B,  in  1962. 


Grand  fir  stands  appear  uniforinly  susceptible  on  the  west  side  of  the 
Cascade  Range.      But,    grand  fir  growing  along  the  top  and  on  the  east  side  of  the 
Cascades   generally  appears  immune  to  the  aphid,    even  when  internningled  with 
infested  subalpine  fir.      In  such  situations,    the  immune  grand  firs  may  beconne 
gouted,    but  the  gouts  disappear  after  the  aphids  eliminate  the  susceptible  sub- 
alpine fir. 


Subalpine  fir 


Subalpine  fir  is  the  most  sensitive  of  the  three  hosts  to  balsam  woolly 
aphid.      Trees   can  be  killed  in  3  years  by  stem  infestations,    though  4  to  5  years 
is  more  comnnon.      In  some   stands,    up  to  90  percent  of  the  firs  were  killed  in 
about   5  years,    mostly  by  stem  infestations.      Mortality  resulting  solely  fronn 
gouting-type  crown  attacks  is  insignificant. 

Subalpine  fir  reaches   susceptible  age  at  about  25  years,    with  the  nnost 
vigorous  trees  being  the  most  attractive  to  the  insect.      Infestations   appear  first 
on  open-grown  and  stand-edge  trees,    then  on  dominants  and  codominants  within 
the  stand.      They  then  often  spread  quickly  to  the  smaller  suppressed  trees, 
which  seem  capable  of  enduring  an  infestation  longer  than  the  larger  ones. 
Nevertheless,    nnany  understory  trees   are  killed  by  the  aphid,    death  doubtless 
hastened  somewhat  by  the  effects   of  suppression. 

Stem  infestations  on  subalpine  fir  typically  start  high  on  the  tree  (about 
midcrown)  and  work  dow^n,    a  reverse  of  the   pattern  on  grand  fir.       First  evi- 
dence of  damage  is  usually  most  evident  at  the  top  of  the  tree.     Sometimes  the 
upper  third  or  more  of  the   crown  will  be  killed  and  turn  red.      Often,    there  will 
be  distinctive  lack  of  new  growth  in  the   uppermost  lateral  limbs,    giving  the  last 
few  feet  of  the  crown  a  pinched-in  appearance.     Also,    terminal  growth  is  usually 
sharply  reduced  and  the  last  1   or  2  feet  at  the  top  develop  a  distinct  lean,    about 
45°   off  vertical  (fig.    11).      As  the  aphid  population  moves  down  the  stem,    the 
symptoms  of  decline  occupy  an  increasingly  larger  part  of  the  crown. 

Most  trees  die  within  1   year  after  the  infestation  reaches   ground  level; 
some  sooner.      Often,    trees   are  killed  in  stages--a  third  or  half  the  crown  one 
year;  the  remainder  the  next  year.      Just  as   often,    the  entire  crown  dies,    turn- 
ing a  straw  color,    then  red,    as  if  the  bole  were  girdled.      The  bark  abandoned 
by  the  aphid  turns  black  or  coppery.      Resinosis  is   sometimes  associated  with 
the  last  stages   of  decline  but  is  not  as   common  or  as   conspicuous  as  with  grand 
fir. 

Significant  gouting  always   accompanies  the  decline  of  subalpine  fir  but 
ordinarily  is  not  conspicuous  because  the  trees  die  so  quickly.      The  most 
apparent  gouting  in  a  stand  is  usually  on  trees  without  stem  infestations,    par- 
ticularly the  suppressed,    understory  trees.      The  gouting  population  is   supplied 
by  the  infested  overstory.      Gouts  become  large  because  the  aphids   supplied  are 
usually  abundant  enough  to  produce  swellings  but  insufficient  to  cause  rapid 
death. 


The  most  susceptible  subalpine  fir  stands   appear  to  be  those  on  the  best 
sites  - -stream  bottoms,    benches,    around  meadows.      Also,    the  greatest  damage 
occurs  at  the  lowest  elevations,    starting  about  3,000  feet.      Boggy  sites  where 
subalpine  fir  grows  in  mixture  with  Engelmann  spruce  {Picea  enyelmannii  Parry) 
are  especially  susceptible.      Open  stands,    such  as  those  where  subalpine  fir  in- 
vades  old  lava  beds,    or  slide  areas,    are  also  quite  susceptible.      The  least  sus- 
ceptible stands   are  those  on  low-site  hillsides  and  at  high  elevations,    near 
timberline.      Infestations  are  rarely  found  on  trees  at  elevations  above   5,  500  feet, 
although  at  Crater   Lake,    near  the   southern  end  of  the  tree's   range,    infestations 
have  been  found  as  high  as    6,  000  feet. 

Pacific  silver  fir 

Infestation  characteristics   of  the  aphid  on  Pacific  silver  fir  are  similar 
to  those  on  subalpine  fir.      The  important  difference  is  that  silver  fir  is  not  as 
susceptible- -fewer  trees   are  infested  and  more  recover  from  attack.     Also,    the 
less  lethal,    gouting-type,    crown  attack  is  nnore  common  than  stem  attacks   in 
Pacific   silver  fir.      Nevertheless,    Pacific  silver  fir  is  subject  to  stem  infesta- 
tions  and  can  be  killed  quickly,    within  3  to  4  years  by  heavy  populations.      In  a 
severe  outbreak,    tree  mortality  may  approach  70  percent  of  the  stand    (Johnson 
et  al.    1963).      Even  trees  4  to  6  feet  in  diameter  are  killed. 

The   pattern  of  stem  infestations  on  Pacific  silver  fir  is   rather  unpredict- 
able.    Sometimes  infestations   start  low  on  the  stem  and  move  up'wards;  some- 
times it  is  the  reverse.     Generally,    when  infestations   exist  on  the  lower  bole, 
they  are  found  on  trees   that  have  smooth,    white  bark  extending  all  the  way  to 
the  ground.      Trees   enter  the  period  of  susceptibility  as  young  as   50  years. 
The  largest,    most  vigorous   trees  are  usually  the  first  to  be  infested  and  suffer 
the  most  damage. 

Symptoms  of  decline  in  Pacific  silver  fir  are  seldom   spectacular. 
Though  red-top  trees  nnay  occur  in  areas   of  heavy  stem  infestation,    decline  is 
generally  more  subtle.      Lack  of  new  growth  and  an  attendant  change  in  color 
to  a  blackish  green  in  the  upper  crown  are  the  usual  first  symptoms  that  the 
woolly  aphid  is   present.      Conspicuous  gouting,    followed  by  loss   of  old  needles, 
occurs  next.        Gradually  the  top  dies,    usually  ■without  conspicuous  needle  fade. 
As  the  infestation  persists,    the  damaged  area  occupies  an  increasingly  larger 
proportion  of  the  crown. 

A  stem  infestation  accelerates  the   rate  of  decline,    sometimes   suppress- 
ing characteristics   such  as  gouting.      But  if  only  a  crown  population  is   present, 
the  decline  can  be  quite  prolonged,    with  damaged  trees   changing  very  little  in 
appearance  from  year  to  year.      Mortality  in  this  type  of  attack  ordinarily  is  not 
severe,    but  the  loss  in  growth  is  thought  to  be  considerable.      Details  of  decline 
in  Pacific  silver  fir  are  illustrated  and  described  in  a  previous   publication 
(Johnson  et  al.    1963). 

Infestations  in  Pacific  silver  fir  are  most  common  and  most  severe  on 
the  best  sites   and  at  lower  elevation  zones   (e.g.,    below  3,000  feet  in  southwest 
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Washington).      Within  the  lower  zones,    stands   along  stream  bottoms  and  on 
bench  areas  usually  have  the  largest  number  of  stem  infestations  and  suffer  the 
most  mortality.     Silver  fir  near  the  upper  elevation  zones   of  its   range  is  seldom 
attacked,    regardless   of  site.      Of  hundreds   of  Pacific  silver  fir  observed  growing 
in  stands  where  subalpine  fir  was  being  heavily  killed  by  the  balsam  woolly  aphid, 
only  three  trees  have  been  found  to  have  stem  infestations.     Silver  fir  is  gouted 
in  these  situations,    but  the  gout  disappears   soon  after  the  outbreak  on  subalpine 
fir  collapses.      The  article  by  Johnson  et  al.    (1963)  discusses   in  more  detail  the 
effect  of  site  on  the  susceptibility  of  Pacific  silver  fir. 

Relative  Susceptibility  of  Other 

True  Fir  Species 

The  effect  of  natural  infestations  of  the  woolly  aphid  was   also  studied  on 
15  other  species   of   Abies    growing  in  natural  stands,    arboretums,    and  ornamen- 
tal plantings.      Observations  distinguished  whether  :     (1)  the  trees  •were  support- 
ing stem  or  crown  infestations,   (2)  gouting  was   evident,    and  (3)  trees  were  being 
killed.     In  general,  studies   suggested  that  North  American  firs  are  very  sensitive 
to  the  woolly  aphid.     Oriental  species  were  next  in  degree  of  sensitivity,   and  Eu- 
ropean firs  were  barely  affected.     Table   1   lists   18  native  and  exotic  true  firs   ob- 
served supporting  natural  balsann  woolly  aphid  infestations  in  the  Pacific  Northwest. 

Noble  fir,    Veitch  fir  {'A.    veitchii   Lindley),    and  white  fir  {A.    concolor 
(Gord.    &£  Glend.  )   Lindl.  )  had  light-to-moderate  infestations;  all  others  had 
moderate-to-heavy  stem  and  crown  infestations.      The   population  on  noble  fir 
was  too  light,    in  fact,    to  reliably  rate  its   sensitiveness.     However,    there  are 
two  references   in  the  literature  of  noble  fir  in  exotic   plantings   (one  each  in 
western  Europe  and  California)  killed  or  seriously  dannaged  by  the  balsam 
woolly  aphid  (Annand  1928;  Francke-Grosmann  1938). 

Two  Sakahlin  firs  died,    but  their  death  must  be  regarded  with  some 
suspicion.      The  trees  were  seriously  weakened  by  the  aphid  and  appeared  near 
death  when  sprayed  with  a  1/8-percent  emulsion  of  benzene  hexachloride  in 
water.      One  month  later  both  trees  were  dead,    suggesting  a  possible  phytotoxic 
reaction.     However,    two  other  infested  Sakahlin  firs   (in  less   serious   condition) 
were  sprayed  and  did  not  die.      When  sectioned,    the  main  stems   of  the  dead 
SakaJilin  firs  displayed  a  "rotholz"  condition  in  the  outer  annual  rings,    a  symptom 
of  aphid  attack  usually  associated  with  North  American  trees. 

Noble  fir,    Shasta  red  fir  {A.bies  magnifiaa  var.    shastensis   Lemnn.  ),    and 
white  fir  were  also  observed  in  natural  stands  associated  with  subalpine  fir  that 
was  being  killed  by  heavy  populations   of  the  balsam  woolly  aphid.      In  every  case 
the  associated  firs  became   gouted,    yet  there  were  no  instances   of  bole  infesta- 
tion or  serious  damage  to  noble  fir  or  white  fir.      Gouting  ceased  atnd  growth 
returned  to  normal  when  the  population  died  on  subalpine  fir.      Observations   on 
Shasta  red  fir  have  not  yet  followed  a  cycle  to  the  end  of  an  outbreak,    but  evi- 
dence suggests  that  it,    too,    will  resist  aphid  attack. 
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Table  1. --Damage  severity  of  18  species  of  Abies    found  naturally  infested 
with  balsam  woolly  aphid  in  the  Pacific  Northwest 


Tree  species 


Tree  origin 


Damage 


1/ 
Severe— 


''/  3/ 

Moderate-      Slight- 


Nil^/ 


Abies   lasiooarpa    (Hook.)  Nutt. 
Subalpine  fir 

A.    fraseri    (Pursh)  Poir. 
Fraser  fir 

A.   balsamea    (L.)  Mill. 
Balsam  fir 

A.    amabilis    (Dougl.)  Forbes 
Pacific  silver  fir 

A.    grandis    (Dougl.)  Lindl. 
Grand  fir 

A.    lasioaarpa   var.  arizonioa 
(Merriam)  Lemm.  Corkbark  fir 

A.    magnifiaa   var.  shastensis 
Lemm.   Shasta  red  fir 

A.    koreana   Wilson 
Korean  fir 

A.    saohalinensis   Masters 
Sakhalin  fir 

A.    religiosa   Lindley 
Sacred  fir 

A.    proaera   Rehd. 
Noble  fir 

A.    aonoolor   (Gord.  &  Glend.) 
Lindl.   White  fir 

A.    alba   Miller 

European  silver  fir 

A.    oephalonioa   Loudon 
Grecian  fir 

A.    pinsa:po   Boissier 
Spanish  fir 

A.    sibiriaa   Ledebour 
Siberian  fir 

A.    firma   Siebold  and  Zuccarini 
Momi  fir 

A.    veitchii   Lindley 
Veitch's  silver  fir 


Western 
North  America 


Eastern  U.S. 


Northeastern 
North  America 


Northwestern 
North  America 


Western 
North  America 


Southwestern 
North  America 


Western  U.S. 


Korea 


Northeastern 
Asia 


Southern 
Mexico 


Western  U.S. 


Western  U.S. 


Western 
Europe 


Greece 


Spain 

Northern 
Asia 


Japan 

Japan 


X* 


^Moderate  to  light  infestations. 


1/ 
2/ 


Trees  often  killed;  gouting  severe. 


—  Gouting  moderate  to  severe;  trees  occasionally  killed. 
— '  Gouting  moderate  to  light;  trees  not  observed  killed. 


4/ 


Gouting  not  apparent;  trees  not  killed. 
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Discussion  and  Conclusions 

The   characteristic  infestation  symptoms,    discussed  in  the  foregoing 
sections,    suggest  certain  procedures   for  aiding  the  forester  in  detecting  the 
balsam  woolly  aphid  before  significant  damage  occurs.      In  general,    detection 
involves  three  procedural  steps: 

1.  Look  for  the  right  stand.  --Because  some  stands   are  more   susceptible 
than  others,    much  fruitless  searching  can  be  avoided  if  the  first  effort 
is  directed  to  areas  where  the  aphid  is  most  likely  present.      Type 
maps   and  topographic  maps   should  help  in  the  selection  of  stands. 
First  priority  should  be  those  stands   in  the   lower  elevation  zones, 
since  they  are  generally  the  most  susceptible.      In  Oregon  and  southern 
Washington,    the  susceptible  zones   are:     Grand  fir,    below  1,000  feet; 
Pacific  silver  fir,    1  ,  500  to  3,  000  feet;  subalpine  fir,    3,  000  to   5,  500 
feet.      Next  priority  should  be  to  the  high-site  stands   growing  along 
stream  bottoms  and  on  flat,    benchy  areas.      Particularly  close  scrutiny 
should  be  given  subalpine  fir  around  the  margins   of  mountain  meadows 
and  in  mixture  with  Engelmann  spruce.      Finally,    stand  age  should  be 

a  priority.      The  most  susceptible  age  for  grand  fir  is  between  25  and 
35  years,    but  older  trees  are  also  infested.      Pacific  silver  fir  must  be 
over   50  years   old  (usually  much  older)  and  subalpine  fir  more  than  25. 

2.  Look  for  the  aphid.  --  The  whitish  film  of  a  stem  infestation  (including 
populations  on  the  larger  limbs)  is  the  most  conspicuous  feature  of  an 
outbreak  in  its   early  stages.     Stem  infestations   are  usually  associated 
with  smooth-barked,    fast-growing  trees.      Infestations   on  grand  and 
Pacific  silver  fir  are  usually  apparent  on  the  lower   10  to  15  feet  of  the 
stem,    but  may  not  be  uniformly  distributed.     Suspected  trees   should 
be  examined  closely  on  all  sides.      Because  infestations   on  subalpine 
fir  typically  start  high  on  the  stem,    the  observer  must  study  the  upper 
part  of  the  bole  as  well  as  the  lower.      Binocular  field  glasses   are  a 
valuable  aid. 

3.  Look  for  damage.  --When  making  surveys,    one  should  look  for  damage 
as  well  as  the   aphid.      A  tree  displaying  suspicious  symptoms   should  be 
the  first  tree  examined  for  stem  infestation.      Similarly,    during  the 
search  for  stem  attacks,    understory  trees,    fallen  branches,    and  wind- 
thrown  trees   should  be  examined  for  gouting.      One  should  also  look  for 
trees  with  sections  of  bark  that  are  unusually  black  and  show  heavy 
resin  flow  on  the  main  stem.       Trees  with  red  tops,    open  crowns,    or 
reduced  terminal  growth  deserve  close  attention.      Grand  firs  with  tops 
broken  out  or  with  drooping  leaders   should  be  prime  suspects. 

Aerial  surveys  are  ineffective  for  early  detection  of  balsam  woolly  aphid 
outbreaks.  One  detects  infestations  from  the  ground,  walking  through  the  forest 
looking  at  individual  trees.      The  best  time  for  searching  is  in  late  September  or 
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in  October.      At  this  time,    stem  infestations   are  at  their  peak  density  and  red- 
topped  trees   are  most  abundant. 

The  forester,    having  determined  that  he  has   a  problem,    may  wish  to 
establish  a  logging  schedule  to  reduce  damage.      The  priorities   listed  by  Johnson, 
Mitchell,    and  Wright  (1963)  are  suggested  as   a  guide.      In  brief,    they  are  (in 
order  of  priority)  to:     (1)  cut  stands   containing  a  large  number  of  dead  trees; 
(Z)  cut  stands  with  a  preponderance  of  trees  with  moderate- to- s  erious   crown 
damage;  (3)  cut  stands   containing  bole-infested  trees;  (4)  cut  stands   containing 
a  predominance  of  large,    overmature  trees;  and  (5)  cut  stands   on  high-site  areas, 

After  having  cut  the   susceptible  old  growth,    the  forester  may  decide  to 
substitute  apparently  aphid- resistant  true  firs  for  the  susceptible  species.      The 
author  suggests  that  in  light  of  the   present  knowledge,    such  a  decision  would  be 
unwise.     Several  North  American  species   of   Abies  ,    of  which  noble  fir  is   a  good 
example,    have  demonstrated  that  their  degree  of  resistance  is  altered  when 
they  are  grown  outside  their  native  environment.      With  foreign  species,    growth 
characteristics  for  timber  production  are  generally  unknown.      A  number  of 
exotic   Abies   species  have  recently  been  outplanted  in  the   Oregon  Cascades  to 
test  both  aphid  resistance  and  growth  performance.      Until  at  least  preliminary 
findings  from  these  studies   are  known,    sizable  investments  by  forest-land  man- 
agers in  exotic  plantings  would  be  a  decided  gamble. 

It  appears  that  the  forester's  best  policy  would  be  to  encourage  resistant 
and  immune  tree  species   already  growing  in  aphid-infested  areas.      Douglas-fir 
{Pseudotsuga  menziesii  (Mirb,  )  Franco)  and  western  hemlock  [Tsuga  hetevophylla 
(Raf.  )  Sarg.  )  grow  well  below  3,  500  feet,    where  grand  and  Pacific  silver  fir 
suffer  severely  from  the  balsam  woolly  aphid.      At  higher  elevations,    where 
subalpine  fir  is  attacked,    Pacific   silver  fir,    noble  fir,    and  Shasta  red  fir  have 
displayed  resistance  to  the  woolly  aphid  and  will  thrive  on  well-drained  sites. 
Mountain  hemilock  {Tsug-a  mertensiana  (Bong.  )  Carr.  )  also  grows  well  on  most 
high-elevation  sites.      On  difficult  sites  - -around  swamps,    avalanche  areas,    and 
lava  beds  - -lodgepole  pine  {  Pinus   aontorta   Dougl.  )  and  Engelmiann  spruce  could 
be  encouraged. 
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•ummary 


The  balsam  woolly  aphid  is   an  introduced  pest  and  probably  the  most 
serious   enemy  of  true  firs   in  the  Pacific  Northwest.      Infestations  in  Pacific 
silver  fir,    grand  fir,    and  subalpine  fir  stands  have  caused  considerable  tree 
mortality  and  growth  loss   over  a  wide  area  of  western  Oregon  and  Washington. 
But  the  aphid  is   so  tiny  and  the  damage  accumulates   so  gradually  that  presence 
of  the  aphid  often  goes  unnoticed.      To  find  infestations,    a  forester  must  know 
where  to  look  and  what  to  look  for.      This   is   especially  true  if  he   is  to  detect 
the  aphid  in  time  to  salvage  dead  and  dying  timber. 

The  three  susceptible  tree  species  differ  markedly  in  their  degree  of 
sensitivity  to  the  balsam  woolly  aphid.      Subalpine  fir  is  most  easily  killed, 
often  dying  after  only  3  to  4  years  of  heavy  infestation.      Grand  fir  is   rather 
tolerant  to  aphid  attack  and  can  survive  15  years   or  more  of  continuous  infes- 
tation.     Pacific  silver  fir  is  between  grand  and  subalpine  firs   in  susceptibility: 
On  poor  sites,    it  is  quite  tolerant  to  the  aphid;  on  good  sites,    it  can  be  as   sensi- 
tive as   subalpine  fir. 

It  is   possible  with  all  three  host  species  to  characterize,    in  general 
terms,    the  sites  where  aphid  outbreaks   are  apt  to  be  most  severe: 

1.  Most  balsam  woolly  aphid  infestations  are  found  west  of  the  summit 
of  the  Cascade  Range.  Infestations  in  subalpine  fir  may  extend  2  to 
3  miles   east  of  the  summiit,    but  rarely  farther. 

2.  The  most  severe  outbreaks   occur  at  the  lower  ends   of  the  host  species' 
elevation  ranges--from  about   3,000  to  5,  500  feet  in  subalpine  fir; 

1,  500  to  3,  000  feet  in  Pacific  silver  fir;  and  below  1,  000  feet  in 
grand  fir. 

3.  Stands  along  stream  bottoms  and  in  flat,  benchy  areas  (i.e.  ,  good 
sites)  are  highly  susceptible  to  attack.  Subalpine  fir  is  especially 
susceptible  around  meadows,    avalanche  areas,    and  lava  beds. 

Noble  fir,    Shasta  red  fir,    and  white  fir  are  other  native  true  firs  that 
have  been  damaged  and  even  killed  by  the  balsam  woolly  aphid.     How^ever,    the 
affected  trees  were  gro\A:ing  out  of  their  natural  environment- -as   ornamentals 
or  in  arboretums.      The  same  species  have  demonstrated  resistance  to  the 
woolly  aphid  when  growing  in  natural  stands.      True  firs  from  Europe  and  Asia 
are  also  infested  by  the  aphid  in  the  Pacific  Northwest,    but  are  generally  un- 
damaged by  the  attack. 

Varying  degree  of  aphid  susceptibility  of  true  fir  stands   on  different 
sites  offers  hope  for  survival  of  such  highly  susceptible  species   as   subalpine 
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fir.      But  moving  relatively  immune  species   such  as  noble  fir  into  ne^v  areas 
can  increase  their  susceptibility  to  balsam  woolly  aphid  attack.      The  best 
management  policy  at  the   present  time  in  areas  affected  by  the  aphid  is  to 
encourage  resistant  and  nonsusceptible  species  already  growing  on  the  site-- 
Douglas-fir  and  western  hemlock  below  3,  500  feet;  Engelnnann  spruce,    lodge- 
pole  pine,    mountain  hemlock,    noble  fir,    Shasta  red  fir,    and  Pacific  silver  fir 
at  higher  elevations. 
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forest  owners,  and  management  of 
the  National  Forests  and  National 
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by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing   Nation. 
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INTRODUCTION 


Site  index  based  on  tree  height 
and  age  has  become  the  most  widely 
used  method  of  estimating  forest  site 
quality.  This  paper  discusses  the  re- 
lationship between  kind  and  number  of 
tree  heights  used  and  the  reliability 
of  the  resulting  site-quality  esti- 
mates for  lodgepole  pine  (Pinus 
contorta) .  Effect  of  number  of  tree 
ages  determined  from  ring  counts  is 
also  discussed  in  a  limited  way. 


Site  class  (site  quality)  is  de- 
fined  in   "Forestry   Terminology" 


1/ 


(Society  of  American  Foresters  1950)—' 
as,  "A  designation  of  the  relative 
productive  capacity  of  a  site  with 
reference  to  the  species  employed; 
the  volume  or  average  height  of  domi- 
nant and  codominant  trees  at  a  given 
age  is  usually  used  as  standard  for 
classification."  Note  that  productive 
capacity  is  the  real  measure  of  site 
quality;  average  height  of  dominant 
and  codominant  trees  is  only  the 
means  of  classifying.  If  another 
kind  of  height  is  found  to  be  better 
correlated  with  productive  capacity 
than  average  height  of  dominant  and 
codominant  trees,  it  stands  to  reason 
that  this  other  kind  of  height  would 
be  a  better  means  of  classifying  site 
quality.  The  study  reported  on  in 
this  paper  compared  effectiveness  of 
various  kinds  of  height  for  classify- 
ing site  quality  by  comparing  corre- 
lation between  these  kinds  of  height 
and  measured  production  on  a  series 
of  plots. 


—  Names   and  dates 
Literature  Cited,  p.  8. 


parentheses   refer  to 


Productive  capacity  implies  total 
production  from  a  fully  stocked  stand 
including  mortality  and  thinnings  for 
an  entire  rotation.  Such  figures  are 
almost  impossible  to  obtain.  However, 
current  gross  annual  cubic-foot  in- 
crement is  almost  as  good.  Indeed, 
Bates  (1918)  once  stated,  "The  only 
final  criterion  of  site  quality  is 
the  current  annual  cubic-foot  incre- 
ment of  a  fully  stocked  stand  of  the 
species  under  consideration."  Gross 
periodic  annual  cubic-foot  volume 
increment  was  adopted  as  the  measure 
of  productive  capacity  or  site  quali- 
ty for  purposes  of  this  study. 


KINDS  OF  TREE  HEIGHTS 
PRESENTLY  USED 

Site  index  in  the  United  States 
is  most  commonly  estimated  from  aver- 
age height  and  age  of  dominant  and 
codominant  trees.  However,  as  Spurr 
(1952)  pointed  out,  other  groups  of 
trees  have  been  used  both  here  and 
abroad.  For  example,  in  Great  Britain, 
top  height,  or  average  height  of  the 
100  largest  (diameter)  trees  per  acre, 
is  commonly  used.  On  the  European 
continent,  average  height  of  the  40 
largest  (diameter)  trees  per  acre  is 
the  usual  standard,  except  in  Holland 
where  tallest  trees  are  used 
(Braathe  1957).  In  both  the  United 
States  and  Canada,  some  people  have 
advocated  average  height  of  dominant 
trees  (Staebler  1948,  Ker  1952). 
Recently,  Johnson  (1965)  has  advo- 
cated use  of  largest  (diameter)  tree 
heights  as  a  shortcut  method  for  esti- 
mating site  index  for  longleaf  pine 
(Pinus  palustris) .  In  Australia, 
Gray  (1945)  made  a  strong  case  for 
use  of  tallest  trees  for  estimating 
site  index  in  exotic  plantations. 


KINDS  OF  HEIGHT  AND  AGE  COMPARED 

Kinds  of  height  here  compared 
for  possible  use  in  classifying  site 
quality  include  nearly  all  of  the 
kinds  reported  in  the  literature. 
Following  are  the  combinations  of 
kind  and  number  of  tree  heights  actu- 
ally compared: 


1.  Average  he 
selected   a 


ight  of  tallest  trees 
t   the  rate   of  1,  2, 

and  3  trees  per  plot  and  30  per 

2/ 
acre.—' 


2.  Average  hei 
eter)  trees 
of   1,   2, 
and  30  per 

3.  Average  hei 
as  estimate 
to  14  trees 

4.  Average  hei 
codominant 
from  7  to  1 


ght  of  largest  (diam- 
selected  at  the  rate 

and  3   trees  per  plot 

acre . 

ght  of  dominant  trees 

d  from  1,  2,  3  and  3 
per  plot. 

ght  of  dominant  and 
trees   as   estimated 

9  trees  per  plot. 


Site  index  based  on  height  and 
age  of  the  single  tallest  tree  per 
plot  was  also  compared  with  site 
index  based  on  the  same  height  but 
average  age  of  from  7  to  19  dominant 
and  codominant  trees  per  plot. 

The  two  kinds  of  age  compared 
for  determining  site  index  were  age 
of  the  single  tallest  tree  per  plot 
and  average  age  of  from  7  to  19  domi- 
nant and  codominant  trees  per  plot. 


METHODS 

Data  collected  for  a  lodgepole 
pine  yield  study  in  1957  and  1958 
(Dahms  1964)  provided  the  basis  for 
the  present  analysis.  There  were  94 
plots  in   all.    Sixty-seven  of  them, 
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—  Thirty  trees  per  acre   means  three  trees  per 

plot  on   the   twenty-seven  1/10-acre  plots  and  six 

trees  per  plot  on  the  sixty-seven  1/5-acre  plots. 


all  located  in  stands  over  50  years 
of  age,  were  one-fifth  acre  in  size. 
The  remaining  27  plots  were  located 
in  stands  50  years  of  age  or  younger 
and  were  one-tenth  acre  in  size. 

Plots  were  widely  scattered  over 
the  pumice  soils  of  central  and  south- 
central  Oregon.  Data  available  from 
each  plot  included  the  following: 
stand  age,  gross  cubic- volume  incre- 
ment, stand  density,  and  heights  of 
various  kinds  of  trees.  Several 
volume-increment-predicting  equations 
and  a  set  of  site  index  curves  were 
also  available  from  the  yield  study. 

The  method  used  to  compare  site- 
quality  estimating  capacity  of  the 
various  kinds  of  height  was  to  com- 
pare their  capacity  to  predict  gross 
periodic  annual  cubic-volume  incre- 
ment. Volume  increment  was  predicted 
from  the  three  basic  stand  variables, 
age,  height,  and  stand  density,  plus 
powers  and  cross  products  of  these 
basic  variables.  The  equation  form^i' 
chosen  was  V.I.  =a-biA-  b2CCF  + 
bsfH  X  A2)  +  b^(H  X  CCF)  -  b^H2  - 
b^(H  X  A  X  CCF)  where:  a  =  constant, 
bi Z?5  =  coefficients  to  be  calcu- 
lated, A  =  age,  H  =  height.  CCF  = 
crown  competition  factor,—'  and  V.I. 
=  gross   periodic   annual   increment. 
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—  The   particular   combination  of  variables  was 

selected  from  age,  CCF,  height,  height  •  age,  height 
X  age^,  height  "  CCF,  height^  ,  and  height  "  age «  CCF 
after  examining  all  255  possible  equations  based  on 
these  eight  independent  variables  with  one  form  of 
height.  The  chosen  form,  the  best  four  variable,  and 
the  eight  variable  equations  were  all  calculated  for 
each  form  of  height  to  see  if  ranking  of  kinds  of 
height  was  affected  by  equation  form.  Only  very 
minor  shifts  in  ranking  took  place  from  one  equation 
form  to  another. 
4/ 

—  Crown  competition  factor  (CCF)  is  a  new 
measure  of  stand  density  developed  by  Krajlcek, 
Brinkman,  and  Gingrich  (1961).  In  essence  it  com- 
pares growing  space  available  to  a  tree  with  the 
area  of  shadow  the  crown  of  an  open-grown  tree  of 
the  same  breast-high  diameter  would  cast  on  level 
ground  with  the  sun  directly  overhead.  CCF  is  used 
as  the  stand  density  measure  because  it  is  not 
strongly  correlated  with  either  site  quality  or  age, 
as  is  basal  area.  Consequently,  height  is  the  only 
stand  variable  strongly  correlated  with  site  quality, 
a  necessity  when  the  goal  is  to  compare  various 
kinds  of  height  as  measures  of  site  quality. 


The  comparison  was  made  by  calcu- 
lating separate  equations  of  this 
form  for  each  kind  of  height.  That 
equation  which  accounted  for  the  most 
variation  contained  the  most  effec- 
tive kind  of  height. 

To  see  if  relationships  were 
consistent  from  one  group  of  plots  to 
another,  the  94  plots  were  split  into 
two  groups  of  47  plots  each.  Sepa- 
rate regressions  were  calculated  for 
each  kind  of  height  within  each  group. 
Thus,  it  was  possible  to  see  if  each 
kind  of  height  held  the  same  relative 
position  within  each  group  of  plots. 

A  check  on  the  volume  increment 
comparisons  was  provided  by  a  volume 
test.  Precision  of  volume  estimates 
obtained  from  various  kinds  of  height 
was  compared  in  stand  volume  formulas 
of  the  form  V  =  h{BE)  where:  V  = 
cubic   volume,  BH   =  basal  area  x 


Bti  ■ 


height,  and  h  =  the  ratio 
Separate  ratios  were  calculated  for 
each  plot  for  each  kind  of  height. 
That  form  of  height  that  produced  the 
average  ratio  with  the  lowest  coeffi- 
cient of  variation—'  was  the  most 
effective . 

Methods  used  to  compare  kinds  of 
age  as  a  basis  for  entering  the 
height-over-age  curves  of  a  site  in- 
dex system  were  similar  to  those  used 
to  compare  kinds  of  height.  Two  site 
indices  were  calculated  for  each  plot. 
One  was  based  on  height  and  age  of 
the  single  tallest  tree  per  plot. 
The  other  site  index  was  based  on  the 
same  height  but  average  age  of  from 
7  to  19  dominant  and  codominant  trees 
per  plot.  Efficiency  of  these  two 
kinds  of  site  index  were  compared  in 
a  volume  increment  equation  based  on 


the   stand  variables,    age, 
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site 


~  Coefficient  of  variation  is  the  standard 
deviation  of  individual  plot  ratios  expressed  as  a 
percent  of  the  average  ratio. 

—  Stand  age  in  the  volume  increment  predicting 
equation  was  average  age  of  from  7  to  19  dominant 
and  codominant  trees  per  plot,  regardless  of  which 
kind  of  site  index  was  used. 


index,  and  stand  density  (CCF)  plus 
powers  and  cross  products  of  these 
basic  variables.  The  equation  was 
calculated  with  first  one  kind  of 
site  index  and  then  the  other.  That 
equation  which  accounted  for  the  most 
variation  contained  the  best  site 
index. 


RESULTS 


Volume  Increment  Correlations 


Height  of  tallest  trees  was,  on 
the  average,  the  most  effective  form 
of  height  for  estimating  volume  incre- 
ment (site  quality).  Heights  of  domi- 
nant and  of  largest  (diameter)  trees 
followed  in  that  order  (table  1) . 
Heights  of  tallest  trees  were  consis- 
tently better  than  heights  of  largest 
(diameter)  trees  whenever  equal  num- 
bers of  trees  were  compared.  The 
position  of  dominant  tree  heights  be- 
tween that  of  tallest  and  largest 
(diameter)  was  somewhat  erratic. 
Average  height  of  three  dominant 
trees  was  more  effective  than  average 
height  of  three  trees  of  any  other 
kind.  However,  average  height  of  two 
dominants  was  less  effective  than 
average  height  of  two  trees  of  any 
other  kind  (table  1). 

Effectiveness  of  average  height 
of  dominant  and  codominant  trees  was 
not  as  directly  comparable  as  other 
kinds  of  height  because  a  specific 
number  of  trees  was  involved.  How- 
ever, it  is  clear  that  codominants 
were  less  effective  than  dominants. 
Average  height  of  all  measured  domi- 
nants and  codominants  (average  13  per 
plot)  was  less  effective  than  average 
height  of  the  dominants  only  (average 
9  per  plot).  Average  height  of  three 
dominants  was  also  slightly  more 
effective  than  that  of  all  dominants 
and  codominants.  Thus,  addition  of 
an  average  of  four  codominant  heights 
per  plot  actually  reduced  effective- 
ness below  that  obtained  from  either 
nine  or  three  dominants  alone. 


Table  1. — Precision  of  gross  cubic-foot  volume  increment  estimates  for  13  kinds 
of  height  and  consistency  of  relationships  from  one  sample  to  another 


Kind  of  height 


Percent  of  variation  accounted  for  by  equation  for- 


All  plots 


Sample  li./ 


Sample  2 


Average  height  of: 

30  tallest  trees  per  acre^' 
3  tallest  trees  per  plot 

2  tallest  trees  per  plot 
Single  tallest  tree  per  plot 

30  largest  trees  per  acre 

3  largest  trees  per  plot 

2  largest  trees  per  plot 
Single  largest  tree  per  plot 

13  dominant  and  codominant  tree 

9  dominant  trees—' 

3  dominant  trees 
2  dominant  trees 
1  dominant  tree 
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76.5 
75.0 
74.3 
72.8 

74.4 
74.1 
72.7 
70.4 

75.7 

76.8 
75.9 
72.2 
72.4 


78. 
78. 

77. 
76. 


76.2 
76.4 
75.5 
72.3 

77.1 

79.4 
78.0 
73.9 
74.4 


77.1 
74.8 
74.2 
72.9 

75.5 
74.5 
73.0 
72.3 

76.1 

76.3 
76.4 
72.2 
73.8 
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Sample  1  consisted  of  all  odd-numbered  plots;  sample  2,  the  even-numbered  ones. 


—  Equivalent  of  the  three  tallest  trees  on  a  1/10-acre  plot  or  the  six  tallest  on  a 
1/5-acre  plot. 
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"~  Number  of  dominant  and  codominant  tree  heights  measured  on  a  plot  ranged  from  7  to 

19  and  averaged  13. 

4/ 

~  Number  of  dominant  tree  heights  measured  on  a  plot  ranged  from  3  to  14  and  averaged 


Increasing  number  of  trees 
within  a  particular  kind  tended  to 
increase  precision  of  the  volume  in- 
crement estimate.  The  trend  was  con- 
sistent within  tallest  and  largest 
(diameter)  trees  but  not  completely 
so  in  the  case  of  dominant  trees 
(table  1). 

Relative  rating  of  the  various 
kinds  and  numbers  of  tree  heights 
used  was  also  consistent,  with  but 
minor  exceptions,  between  the  two 
samples  (table  1) . 

Volume  and  Volumelncremenl 
Correlations  Compared 

Kinds  of  height  and  number  of 
trees  rated  in  very  similar  order  as 
predictors  of  either  volume  or  vol- 
ume increment.  However,  there  were 
some  exceptions. 

Largest  difference  as  predic- 
tors was  in  relative  position  of 
average  height  of  dominant  and  co- 
dominant  trees.  This  kind  of  height 
provided  the  best  volume  estimate  of 
all.  Possibly  the  better  showing  of 
dominant  and  codominant  height  over 
dominant  height  only  was  all  due  to 
increased  number  of  trees.  However, 
addition  of  codominant  heights  may 
have  added  something  beyond  mere 
numbers.  This  is  in  sharp  contrast 
to  the  volume  increment  situation. 
There,  addition  of  codominant 
heights  to  dominant  heights  actually 
reduced  effectiveness  for  volume  in- 
crement prediction  purposes  despite 
a  greater  number  of  trees. 


Position 
relative   to   ta 
(diameter)  heigh 
the  same   for  p 
crement   as   for 
Dominant  height 
better   than 
heights    nor 
tallest  tree  he 
crement   predict 
ever,  for  volume 
tallest  tree  he 


of   dominant   heights 
llest    and    largest 
ts   was   not  entirely 
redicting  volume  in- 
predicting  volume, 
was   neither  clearly 
largest    (diameter) 
clearly   poorer   than 
ights  for  volume  in- 
ing  purposes .    How- 
predicting  purposes, 
ight  was   definitely 


best,  with  dominant  height  clearly 
second  best,  and  largest  (diameter) 
height  poorest. 

Effect  of  Kind  of  Age  on 
Site  Index  Reliability 

Number  of  trees  used  to  estimate 
age  for  purposes  of  site  index  deter- 
mination made  very  little  difference. 
Where  site  index  was  based  on  height 
of  the  single  tallest  tree  per  plot 
and  average  age  of  from  7  to  19  domi- 
nant and  codominant  trees,  the  volume 
increment  equation  accounted  for  75.3 
percent  of  all  variation.  The  equa- 
tion containing  site  index  based  on 
height  and  age  of  only  the  single 
tallest  tree  per  plot  accounted  for 
74.6  percent  of  total  variation. 


DISCUSSION 

There  appear  to  be  valid  reasons 
for  the  way  various  kinds  of  height 
are  rated  as  estimators  of  volume 
increment  or  volume.  Likewise,  dif- 
ferences in  rating  between  the  two 
criteria  seem  to  be  based  on  definite 
reasons . 


Failure  of  height 
to  be   perfectly   correl 
for   the  poor   showing 
largest   (diameter)   tre 
plots,  tallest  and  large 
almost  the   same   indivi 
others  they  were  not. 
extreme   instance,  all 
largest  (diameter)  trees 
nants . 


and  diameter 
ated  accounts 

of  height  of 
es.  On  some 
St  trees  were 
duals,  but  on 
In  one  rather 
three   of  the 

were  codomi- 


There  appears  to  be  a  real  rea- 
son for  the  different  rating  of  aver- 
age height  of  dominant  and  codominant 
trees  by  the  volume  and  volume  incre- 
ment tests.  As  an  example,  one  might 
visualize  average  height  of  all  trees 
on  a  plot  as  being  an  excellent 
height  expression  for  volume  predic- 
tion purposes.  However,  this  kind  of 
height  would  be  greatly  affected  by 
stand  density  because  the  number  of 


small  partially  suppressed  tree 
heights  included  would  vary  with 
stand  density.  Consequently,  an 
average  height  of  all  trees  is  not  as 
expressive  of  site  quality  as  an  aver- 
age height  of  only  those  trees  that 
have  largely  escaped  the  depressing 
effects  of  suppression. 

This  effect  of  suppression  also 
applies  to  dominant  and  codominant 
trees.  Varying  numbers  of  partially 
suppressed  codominant  trees  were  used 
to  make  up  the  average.  These 
codominants  were  expressive  of  the 
particular  volume-height  relationship 
to  be  found  on  the  individual  plots. 
However,  codominant  heights  were  more 
affected  by  variations  in  density  and 
in  inherent  ability  to  grow  in  height. 
Therefore,  they  were  not  as  expres- 
sive of  site  quality  and  volume  in- 
crement. Thus,  the  different  ranking 
of  average  height  of  dominant  and  co- 
dominant  trees  by  the  volume  and  vol- 
ume increment  criteria  appears  to  be 
reasonable . 

The  slightly  different  rating  of 
dominant  height  by  the  volume  incre- 
ment and  the  volume  criteria  also 
seems  reasonable.  There  is  a  stron- 
ger correlation  between  height  and 
volume  than  between  height  and  volume 
increment.  Therefore,  differences 
between  dominant  height  and  tallest 
tree  height,  and  between  dominant 
height  and  largest  (diameter)  tree 
height,  stand  out  clearly  against  the 
smaller  unexplained  variation  in  vol- 
ume. The  larger  unexplained  varia- 
tion in  volume  increment  does  not 
allow  these  differences  to  stand  out 
so  sharply. 


given  location  increased  precision  of 
the  site  quality  estimate.  However, 
increasing  number  of  locations  was 
even  more  effective.  For  example, 
standard  deviation—'  of  a  productiv- 
ity rating  based  on  height  of  the 
single  tallest  tree  at  one  location 
is  +16.4  cubic  feet.  Increasing 
number  of  measured  heights  at  one 
location  to  five  reduced  standard 
deviation  to  +15.4  cubic  feet.  For 
every  10  plots  with  five  measured 
tree  heights  each,  11.3  plots  with 
but  a  single  measured  height  would  be 
required. 

The  apparent  advantage  for  mea- 
suring only  one  tree  height  per  plot 
was  artificially  increased  by  failure 
to  measure  volume  increment  perfectly 
on  the  individual  yield  plots  used  to 
develop  the  volume  increment  equation. 
The  situation  is  analogous  to  compar- 
ing the  height  difference  between  a 
4-foot  and  a  5-foot  tree  with  that 
between  a  6-foot  and  a  7-foot  tree. 
The  absolute  difference  is  the  same 
in  both  cases,  but  the  relative  dif- 
ference is  much  greater  in  the  case 
of  the  smaller  trees.  Measurement 
errors  increased  size  of  mean  square 
deviation  from  regression  whether  one 
tree  or  five  were  used.  Therefore, 
the  difference  in  volume-increment- 
predicting  accuracy  between  height  of 
a  single  tree  and  average  height  of 
five  trees  is  relatively  smaller  com- 
pared with  unexplained  variance. 

To  better  understand   the  effect 
of  volume-increment  measurement  error, 
let  us   pretend  we  know  its  size  and 


Should  a  forester,  faced  with 
the  task  of  estimating  productivity 
of  a  given  tract  of  land,  measure 
many  tree  heights  at  each  of  a  rela- 
tively smaller  number  of  sampling 
locations  on  his  tract  or  should  he 
measure  only  one  tree  height  at  each 
of  a  few  more  locations?  Results  al- 
ready examined  showed  that  increasing 
number  of   tree  heights  measured  at  a 
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Standard   deviation,   as   used   here,   is  the 

square  root  of  the  mean  square  of  deviations  from  the 
particular  volume  increment  predicting  equation  be- 
ing discussed.  Gross  cubic-volume  —  increment  values 
and,  therefore,  standard  deviations  also,  are  in 
terms  of  cubic  feet  per  acre  per  year. 


o  / 

look  at  a  hypothetical  example.—' 
Let  us  assume  that  elimination  of  the 
measurement  error  reduced  standard 
deviation  of  a  productivity  estimate 
for  one  tree  height  from  ±16.4  cubic 
feet  to  ±11.6  cubic  feet  and  for  an 
average  of  five  tree  heights  (on  one 
plot)  from  ±15.4  cubic  feet  to  ±10.1 
cubic  feet.  Then,  standard  deviation 
of  two  single  tree  estimates  (each 
taken  on   a  different  plot)  would  be 

+  11.6 


±8.2   cubic   feet. 


With 


n 


measurement  error  eliminated  as  in 
this  hypothetical  example,  the  true 
accuracy  advantage  for  measuring  five 
tree  heights  on  a  plot  rather  than 
one  is  shown.   The  ratio  of  variances 

^0^'^^  shows  that  10  plots  with  five 
134.48 

tree  heights  per  plot  are  approximate- 
ly the   equivalent  of  13   plots  with 
but  one  measured   tree   height  if  the 
assumptions  of  the  example  are  true. 

No  precise  estimate  of  the  size 
of  volume-increment  measurement  er- 
rors in  the  original  data  is  avail- 
able. However,  one  equation^'  used 
to  estimate  volume  increment  from  the 
stand  variables — age,  CCF,  and  basal 
area — accounted  for  83.8  percent  of 
all  variation   in  volume   increment 


8/ 

For  this  example,  the  mean  square  of  devia- 
tions from  the  single  tree  regression  was  halved 
(half  assumed  due  to  measurement  error)  and  its 
square  root  extracted  as  follows: 


16.A2 
2 
2 


The  quantity  16.4^  -  15.4^  or  31.80  was   then 


sub- 


tracted from  134.48  to  give  102.68.  The  quantity, 
./ 102.68  or  ±10.1,  was  used  as  the  standard  deviation 
of  a  site-quality  estimate  based  on  average  height  of 
five  trees  at  a  location.  Although  this  example  is 
purely  hypothetical,  the  writer  believes  it  is  in  the 
general  area  of  the  truth. 

-     This   equation  was  V.I.    =  84.4  -  2.268/1  + 
0.0132642  +  1.431S  -  0.00693(/l  ■<  S)  -  0.512CCF  + 
0.001567(CCF  X  S) ,  where:  V.I.    =   gross  per-acre 
annual   cubic-volume   increment,  A  =   stand  age,  B   = 
basal  area,  and  CCF     =   crown  competition  factor.   The 
above  equation  was  derived   from  the  same  lodgepole 
pine  yield  data  used  for  the  present  site  quality 
analysis. 


among  plots.  This  equation  was  sub- 
stantially more  effective  than  any 
based  on  height,  age,  and  CCF.  We 
must  realize,  too,  that  an  important 
part  of  the  16.2  percent  of  variation 
left  unaccounted  for  by  this  equation 
also  arose  from  failure  of  the  basic 
stand  variables — age,  CCF,  and  basal 
area — to  be  perfectly  correlated  with 
volume  increment.  Thus,  a  large  por- 
tion of  variation  from  the  equation 
predicting  volume  increment  from  the 
group  of  stand  variables,  including 
height,  definitely  did  not  stem  from 
volume-increment  measurement  errors. 


APPLICATION 

There  are  some  instances  where 
the  best  site-quality  estimate  obtain- 
able for  a  given  plot  is  desired. 
One  such  situation  would  be  where  an 
effort  is  being  made  to  correlate 
soil  characteristics  with  site  quali- 
ty. Under  such  circumstances,  many 
tree  height  measurements  may  be  call- 
ed for  on  a  rather  limited  plot  area. 

Productivity  estimates  for  large 
tracts  of  forest  land  are  probably  a 
more  common  need.  They  are  usually 
obtained  by  estimating  site  quality 
at  a  number  of  sampling  points.  The 
goal  is  to  balance  expenditure  of 
effort  spent  at  each  point  against 
that  spent  moving  between  points  in 
such  a  way  that  a  tract  estimate  of 
specified  reliability  will  be  obtain- 
ed at  lowest  cost.  Because  gain  from 
increasing  number  of  trees  measured 
at  a  given  point  is  small,  greatest 
efficiency  is  likely  to  result  from 
measuring  only  one  or  possibly  two 
tree  heights  at  a  point. 

All  of  the  ideas  presented  in 
this  paper  are  built  on  the  assump- 
tion that  stand  density  where  tree 
heights  are  to  be  measured  is  low 
enough  so  that  height  growth  of  at 
least  the  leading  trees  has  not  been 
reduced  by  excessive  competition. 
Smithers  (1956),  Holmes  and  Tackle 
(1962),  and  others  have  shown  that 
overdensity  can  sharply  curtail 
height  growth  of  lodgepole  pine. 
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is  dedicated  to  the  principle  of  mul- 
tiple use  monagement  of  the  Nation's 
forest  resources  for  sustained  yields 
of  wood,  water,  forage,  wildlife,  and 
recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private 
forest  owners>  and  management  of 
the  National  Forests  and  National 
Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing   Nation. 
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This  study  was  planned  and  field  work  conducted  by 
Carroll  B.  Williams,  Jr.  ,  while  he  was  on  the  staff  of  the 
Pacific  Northwest  Forest  and  Range  Experiment  Station. 
Since  February  1  965, Williams  has  been  Research  Entomol- 
ogist with  the  Pacific  Southwest  Forest  and  Range  Experi- 
ment Station  at  Berkeley,  California.  C.  T.  Dyrness, 
Soil  Scientist  at  the  Station's  Forestry  Sciences  Laboratory, 
Corvallis,  Oregon,  analyzed  the  results  and  prepared  this 
paper. 


INT  R  ODUC  TI ON 

The  forest  flooi^   is   an  important  component  of  the  forest  ecosystem. 
This  layer  of  organic  material  influences  tree  regeneration,    protects  the  sur- 
face soil  from  erosion,    and  may  substantially  affect  hydrologic  properties   of 
the  site.      Probably  one  of  the  most  important  aspects   of  the  forest  floor  is  its 
role  in  the  nutrient  cycle.      Several  essential  nutrients,    such  as  nitrogen, 
phosphorus,    and  sulfur,    are  supplied  primarily  by  plant  residues,    and  amounts 
made  available  depend  on  decomposition  rates.      Thus,    a  large  buildup  of  forest 
litter  on  the   soil  surface  miay  delay  nutrient   recycling  and  reduce  soil  fertility. 

Little  information  is  available  about  forest  floor  characteristics  in  the 
Pacific  Northwest.      Gessel  and   Balci  (1965)  have  sannpled  the  forest  floor  in 
five  areas   of  old-growth  coniferous  forests   in  the  Cascade  Range  and  Olympic 
Mountains  of  Washington.      Youngberg  (1966)  has  investigated  forest  floor  char- 
acteristics  of  eight  different  Douglas-fir  communities   in  the  Coast  Ranges  of 
Oregon. 

The  subject  of  this   paper  is  an  exploratory  study  of  forest  floor  and  soil 
conditions   in  true  fir — hemlock  stands,    conducted  during  1964.      Objectives   of 
the  study  were  to: 

1.  Describe  general  characteristics   of  the  forest  floor- -humus  type, 
depth,    weight,    available  nutrient  content,    and  reaction. 

2.  Determine  general  characteristics   of  the  underlying  mineral  soil-- 
soil  depth,    texture,    available  nutrient  content,    and  reaction. 

3.  Determine  the  relative  amounts   of  available  plant  nutrients  in  the 
forest  floor  and  in  the  underlying  mineral  soil. 


1/ 
~     The  forest  floor  is  defined  as   "all  dead  vegetable  or  organic  matter, 

including  litter  and  unincorporated  humus  on  the  mineral  soil  surface  under 

forest  vegetation"  (Soil  Science  Society  of  America  Committee  on  Terminologv 

1965).      (Names  and  dates   in  parentheses   refer  to  Literature  Cited,    p.  1  9.  ) 


STUDY     AREAS 


Forty-six  undisturbed,    old-growth  true  fir — hemlock  stands  were   sam- 
pled along  the  Cascade  Range  from   Diamond  Lake  in  southern  Oregon  to  Mount 
Baker  in  northern  Washington   (fig.    1).    Elevation  of  sampled  stands  ranged  from 
Z,  000  to  6,  ZOO  feet.      Pacific  silver  fir  (Abies  amabilis)  ,  —     noble  fir  (A.    proaera), 
Shasta  red  fir  (A.    magnifica  var.   shastensis )    or  mountain  hemlock   (Tsuga 
mertensiana)  were  the  dominant  species.      None   of  the   stands  were   pure,    and 
several  contained  a  major  component  of  western  hemlock    (T.    heterophylla) 
(table   1).      The  46  plots   probably  provide  a  cross   section  of  sites   occupied  by 
true  fir — hemlock  forests. 


Figure  1  .--Approximate  locations  of 
the  46  upper-slope  forest  stands 
described   and  sampled  in  this 
exploratory    study  of  forest 
floor  and  soil    conditions. 


z/ 

—     Common  and  scientific  names   of  trees  are  in  accordance  with  Little 


(1953). 
Z 


Table  1. -Characteristics  of  46  true  tir-hemlock  plots  in  19E4  study  of  forest  floors  and  soils  m  Oregon  and  Washington 


Ecological 
province 


Aspect 


Forest;  type 


Additional  tree 
species  presenti-' 


Understory  vegetatio 


Important  species  (listed 
in  order  of  dominance)!./ 


Approximate 
total  cover 


Crater  Lake, 
Oregon 


1  5,050  SW.  Shasta   red    fir 


Mountain  hemlock    (Tsuga 
mertensiana)    and  western 
white   pine    (Pinus  monti- 
cola) 


Vaccinium  scoparium,    Chimaphila 
umbel  lata 


Three   Sisters 
Oregon 


5,150  NE.  Shasta  red   fir 


6,200  Level        Mountain   hemlock 


4  3,800  S.  Pacific    silver 

fir 


5  5,A00  Level        Shasta    red    fir 


6  5,800  Level        Mountain   hemlock 


Mountain   hemlock,    scat- 
tered   lodgepole   pine    (P. 
contorta)    and  western 
white  pine 

Subalpine    fir    (Abies 
lasiooarya) 


V.    scoparium,   Arctoetaphylos 
nevadensis 


V.    scoparium 


Douglas-fir    (Pseudotsuga  Acer  circinatum^   Berber-is  nervosa, 

menziesii ^and  western  Linnaea  borealis^    C.    umbellata, 

hemlock    (T.    heterophylla)  many   other   herbs 

Pacific  silver   fir    (A.    ama-      V.    membranaceum^    C.    umbellata^ 
bilis)   and  western  white  Ritbus    lasiocoaeus 

pine,    scattered  mountain 
hemlock   and   Douglas-fir 

Lodgepole    pine    and   Pacific        V.    scoparium 
silver    fir,    scattered 
western  white   pine 


1  4,750  Level        Mountain    hemlock 

2  3,450  E.  Noble    fir 


Scattered   Pacific   silver 
fir 


Douglas-fir    and   western 
hemlock 


Xerophyllum  tenax,    V.    menibranaceu 
V.    scoparium 

X.  tenaxj  Comus  canadensis,  V. 
membranaceum,  F,  lasiococcus, 
many   other   herbs    and   shrubs 


Willamette , 
Oregon 


1  4,250  S.  Noble    fir 


2  4,300  S.  Noble    fir 


Pacific   silver   fir,    scat- 
tered mountain   hemlock 
and  western  white   pine 

Douglas-fir,    scattered 
Pacific  silver   fir  and 
western  white   pine 


R.    lasioeoccuSj    V.    membranaceumj 
several    other   herbs 


A.    circinatum,   Smilaoina  sessili- 
folia,    Clintonia  uniflora, 
Pteridium  aquilinum,   many  other 
herbs    and   shrubs 


Mountain   hemlock 


Noble    fir    (A.    procera) , 
scattered  western   white 


X.    tenax,    V.    membranaceum, several 
herbs 


Mount   Hood, 
Oregon 


4,500 


Mountain  hemlock- 
Pacific  silver 
fir 


Scattered   western   white 
pine   and   Douglas-fir 


V.    membranaaeum,    X.    tenor,   R. 

lasiococcus,    several    other  herbs 


4,500 
4,500 


Pacific  silver 
fir-mountain 
hemlock 

Noble  fir 


Douglas-fir  and  western 

hemlock 


V.    membranaoeum^   X.    tenax,   R. 
lasiococcus  J    V.    s  coparium 

A.    circinatum.    Arnica   sp.,  V. 
membranaceum ,    many  other  herbs 
and  shrubs 


4,250 


NE.  Mountain  hemlock- 
Pacific  silver 
fir 


Scattered  western  hemlock, 
noble  fir,  and  western 
white  pine 

Douglas-fir  and  mountain 
hemlock,  scattered  west- 
ern hemlock  and  Pacific 

silver  fir 


X.    tenax,    V.   membranaceum , 
C.    umbellata,    several  other 
herbs  and  shrubs 

X.    tenax,    V.    membranaceum, 
C.    umbellata,    several  other 
herbs 


Douglas-fir,  western  hem- 
lock and  Pacific  silver 
fir,  scattered  western 
white  pine 


X.    tenax,    C.    canadensis,    V.  IQ 

membranaceum,    several  other 
herbs 


See  footnote  at  end  of  table. 


Table  l.-Characteristics  of  46  true  fir-hemlock  plots  in  1964  study  of  forest  floors  and  soils  in  Oregon  and  Washington  --Co 


Ecological 
province 


Forest  type 


Additional  tree 
species  present- 


Understory  vegetation 


Important  species  (listed 
in  order  of  doininance)i' 


Approximate 
total  cover 


Mount  Adams, 
Washington 


Feet 
3.800 


Level    Pacific  silver 
fir 


Pacific  silver 
fir 


Level    Pacific  silver 
fir-mountain 

hemlock 

S.  Pacific  silver 
fir-mountain 
hemlock 


NW.     Noble  fir 


Scattered  mountain  hem- 
lock 


Scattered  Douglas -fir, 
noble  fir,  and  sub alpine 

fir 

Scattered  western  white 
pine,    Douglas-fir,    and 
western   hemlock 

Scattered  Douglas-fir, 
western  hemlock,   western 
white  pine,   western  red- 
cedar    (Thuja  plicata) 

Douglas-fir,    scattered   Paci- 
fic   silver    fir   and  west- 
em   hemlock 


R.   pedatuSy   X.    tenax,    V.   mem- 
brcmaoewn,   V.   ovalifolium, 
many   other  herbs    and    shrubs 

X.    tenaXy    R.    lasiococeus,    V. 
membvcmaceimt    several   other 
herbs 

V.  mernbranaceum^  C.  uni florae 
V.  ovalifoliumj  many  other 
shrubs  and  herbs 

V.    membranaceumj   R.    lasiococcus, 
several  other  herbs 


V.    membranaaewn,    C.    canadensis , 
many  other  herbs   and   shrubs 


Douglas-fir   and   Pacific 
silver   fir,    scattered 
western   hemlock   and 
western  white   pine 


.    ciToinati4my   Tiarella  unifotiata, 
Achtys   triphyltai    several   other 
herbs    and   shrubs 


Mount  Rainier, 
Washington 


Pacific    silver 
fir 


X.    tenaxy    V.    alaskaense,    V. 
menhvanacewni    several   other 

herbs 


Pacific  silver 

fir 


Noble    fir,    scattered  west- 
ern white    pine    and 
Douglas-fir 


A.    triphylla,    Thaliatru/n  sp., 
A.    cirainatum,   Smilaoina  sp., 
several  other  herbs   and  shrubs 


2.900 


Pacific    silver 
fir 


Scattered  Douglas-fir, 
western    redcedar,    west- 
ern hemlock 


V.   alaskaenset   C.    canadensis^  R. 
pedatus,    X,    tenax,    several   other 
herbs 


Douglas-fir    and  western 
hemlock,    scattered   Paci- 
fic   silver    fir 


V.  alaskaensCj  T.  unifoliata,  P. 
aquilinuWj  several  other  herbs 
and   shrubs 


N.  Pacific   silver 

fir-western 

hemlock 


Scattered   western   redcedar 


Oxalis  oreganay   T.    unifoliata^   P. 
aquilinuJVy   R.   pedatus,   many 
other  shrubs   and  herbs 


Mountain  hemlock- 
Pacific  silver 
fir 


Scattered   western   hemlock 


Arnica  sp.  .  P.  aquilinurrij  V.  ovali- 
foliioriy  A.  triphytla,  many  other 
shrubs    and   herbs 


Level  Pacific  silver 
fir-mountain 
hemlock 


Scattered   Douglas-fir. 
western   hemlock,    western 
white   pine 


V,    ovali folium y    V.    membranaceumy 
C.    wiiflora,    several   other  herbs 
and   shrubs 


N.  Pacific    silver 

fir 


Scattered   mountain 
hemlock 


V.    memhranaceumy   /?.    lasiococcus , 
X.    tenaxy    V.    ovalifoliwriy 
several    other   herbs 


4,600 


Douglas-fir,    Paci  f ic 
silver   fir,    western 
hemlock 


A.  circinatwvy  C.  ufiiflora^  A. 
tri-phyllaj  many  other  shrubs 
and  herbs 


See    footnote    at   end   of    table. 


Table  I.-Characterjstics  of  46  true  (ir-hemlock  plots  in  1964  study  of  forest  floors  and  soils  in  Oregon  and  Washington  --Confmuec/ 


Ecological 
province 


Plot 
No. 


Aspect 


Forest  type 


Additional  tree 
species  present—' 


Understory  vegetation 


Important  species  (listed 
in  order  of  dominance)—^ 


Approximate 
total  cover 


Mount  Baker, 
Washington 


Feet 

4,500 


4,700 


Mountain  hemlock- 
Pacific  silver 

fir 

Pacific    silver 
fir 


Pacific   silver 
fir-western 
hemlock 

Pacific  silver 
fir-mountain 
hemlock 


Alaska-cedar   (Chamaecy parts     Arnica  sp.,  Memiesia  ferruginea, 
nootkatensis)   and  western  V.    ovalifoliujn,    R.    pedatus^ 

hemlock  many   other   shrubs    and   herbs 

Scattered  mountain  hemlock        V.    mernbranaceunij   R,   pedatus,    T. 

unifoliata,    C.    uni flora,    several 
other   shrubs    and  herbs 

None  V.    ovalifolitunj    R.    pedatus,   M. 

ferruginea 


M.    ferruginea,    V.    ovalifoliwn,    V. 
memhranacewn,  R.   pedatus, 
Sorbus  sitahensis 


4,500  W.  Pacific    silver 

fir-western 
hemlock 

2,000  N.  Pacific   silver 

fir-western 
hemlock 

4,300  W.  Mountain  hemlock- 

Pacific   silver 
fir 

4,500  W.  Pacific   silver 

fir-western 
hemlock 


Mountain  hemlock 


Scattered   Alaska-cedar 


R.   pedatus.  Arnica  sp.,  R.   specta- 
bitiSf    many   other   shrubs    and 
herbs 

V.    alaskaense,   /?.   pedatus,    C.    cana- 
densis,   several  other  herbs 


V.    membranacewv,    V.    ovali folium,    P.  95 

aquilinujn,    many  other  shrubs   and 
herbs 

R.    pedatus,    V.    alaskaense,   C.    uyii-  90 

flora,    several  other  herbs 


2,800 


E.      Pacific  silver 
fir-western 
hemlock 

NW.     Pacific  silver 
fir 


Pacific  silver 
fir-western 
hemlock 


Scattered  western  hem- 
lock and  mountain 
hemlock 


Scattered  noble  fir  and 
western  redcedar 


Western  hemlock  and 
Pacific  silver  fir 


V.    alaskaense,   R.   pedatus,    L. 
bore  alts,    C.    uni  flora,    several 
other  herbs 

V.    alaskaense,    V.    ovalifolium,    T. 
unifoliata,  R.   pedatus,   Streptopus 
curvipes,    C.    uniflora,    several 
other  herbs 

V.    ovali  folium,   S.    curvipes,    T.    uni- 
foliata,    C.    uniflora,   many  other 
shrubs  and  herbs 

P.  aquilinum,  Smilacina  sp.,  T.  uni- 
foliata,  Oplopanax  horridum,  many 
other  shrubs  and  herbs 


Mountain  hemlock- 
Pacific  silver 
fir 

Pacific  silver 
fir 


Scattered  western  red- 
cedar  and  western 

hemlock 

Scattered  western 
hemlock 


V.    ovalifolium,   M.    ferruginea,   R. 
pedatus,   R.    lasioooccus,    many 
other  shrubs  and  herbs 

V.   ovalifolium,   R.   pedatus,    C.    uni- 
flora,  Streptopus  amplexi folius , 
many  other  shrubs  and  herbs 


Common  and  scientific  names  for  trees  are  in  accordance  with  Little  (1953);  for  shrubs  and  herbs,  Peck  (1961)  or  Hitchcock  et  al. 
(1955-1964). 


M  E  THODS 

Representative  and  homogeneous   portions  of  each  stand,    free  from   road 
influences   or  major  disturbances,    were   subjectively  selected  and  two  1/5-acre 
plots   established.      On  each  plot  all  trees,    shrubs,    and  herbs  were  listed  and 
relative  abundance  estimated. 

Total  depth  of  the  forest  floor  was  measured  to  the  nearest  one-tenth 
inch  at  eight  randomly  located  points  within  the  first  plot  and  at  seven  points   in 
the  second.       Pronounced  depressions  and  humps  were  avoided.      The  forest  floor 
was   carefully  examined  during  measurement  and  classified  according  to  the  key 
devised  by  Hoover  and   Lunt  (1952).      A  circular  sample  of  forest  floor  material 
with  28.  5  square  inches   of  surface  area  was   collected  at  two  random   points 
within  each  plot  for  later  measurements  of  weight  and  available  nutrient  content. 

The  mineral  soil  was   sampled  at  four  or  more  random   points  within  each 
stand  with  a  King  tube   sampler.      At  each  point,    the  King  tube  was  driven  into 
the  soil  until  stopped  by  bedrock  or  a  stony  layer.      Depth  of  penetration  was 
recorded  to  the  nearest  one-tenth  foot  and  was   used  as  an  index  of  effective 
soil  depth.      All  soil  samples   from  a  given  stand  were  composited  into  a  single 
sample.      Soil  texture,    approximate  bulk  density,    and  content  of  available  plant 
nutrients  were  determined  for  the  comiposite  samples. 

Soil  samples  were  air  dried,    forest  floor  samiples  were   ovendried  at 
70°   C.  ,    and  all  samples  were  then  weighed  and  weight  recorded  to  the  nearest 
one-tenth  gram.      Forest  floor  sannples  were  ground  to  pass   a  40-mesh  sieve  in 
a  Wiley  mill.      The  following  chemical  determinations  were  carried  out  on  both 
forest  floor  and   soil  samples:     reaction  (1:1    soil-water  paste  with  a  glass  elec- 
trode pH  meter);  amounts   of  total  nitrogen  (Kjeldahl  method);  available   phospho- 
rus  (sodium  bicarbonate  miethod);  and  exchangeable  calcium,    exchangeable 
potassium,    and  exchangeable  magnesiunn   (flame   photometer  iTiethod).      Oregon 
State   University  Soil  Testing  Laboratory  made  the  analyses,    using  the  procedures 
described  by  Alban  and  Kellogg  (1959). 

RESULTS 
Timber  Stand  Characteristics 


Stands  were   sampled  in  seven  of  the  eight  ecological  provinces   suggested 
for  the  Cascade  Range  in  Oregon  and  Washington  (table   1   and  fig.    1)  (Franklin 
1965).      The  Wenatchee  Province  was  not  sampled. 

The  timber   stand  at  each  plot  was   classified  into  one   of  seven  forest 
types  on  the  basis   of  relative  abundance  of  the  various  tree   species.      Each  type 
bears  the  namie  of  the  most  common  tree  species;  and,    in  the  case  of  hyphenated 
designations,    the  first-named  species   is  most  abundant.      Forest  tvpes   sampled 
include  Shasta  red  fir,    noble  fir.    Pacific  silver  fir.    Pacific  silver  fir-western 
hemlock,    Pacific   silver  fir-mountain  hemlock,    nnountain  hemlock-Pacific   silver 


fir,    and  mountain  hemlock.      Most  stands  were  mixed  with  at  least  sinall  nutnbers 
of  other  tree  species   (table  1).      Western  white  pine,    Douglas -fir,  and  western 
redcedar  were  common  subordinate  species. 

Understory  vegetation  was   generally  abundant  and  apparently  somewhat 
correlated  with  ecoloaical  province   (table  1).     Small-leaved  huckleberry 
(Vaooinium  scoparium)—    was  the  dominant  shrub   species  on  most  plots   in  the 
Crater  Lake  Province.      The  understory  in  the  two  Three  Sisters   plots  was  domi- 
nated bv  bear-grass  (Xerophyllum  tenax)   and  thin-leaved  huckleberry    (Vaooinium 
membranaoeum)  .      Plots   in  the  Willamette  Province  were  similar  to  those  in  the 
Three  Sisters   except  for  one  plot  with  an  understory  of  vine  maple    (Aoer 
oiroinatumj  and  a  variety  of  herbs   and  shrubs.      Understory  vegetation  on  the 
Mount  Hood  Province  plots  was  also  generally  dominated  by  thin-leaved  huckle- 
berry and  bear-grass.      In  the  Mount  Adams   Province,    the   principal  understory 
species   on  the   plots  were  thin-leaved  huckleberry,    oval-leaved  huckleberry 
(Vaooinium  ovalifolivjn),    bear-grass  and  dwarf  bramble  (Rubus    lasiooooous ) , 
These  same  species   plus  Alaskan  huckleberry  (Vaooinium  ataskaense ) ,  —    were 
coinmon  on  five  of  nine  plots  within  the  Mount  Rainier  Province.      The   other  four 
plots  were  characterized  by  herbaceous   species   such  as  vanilla-leaf   (Aohlys 
triphylla),    western  brake-fern    (Pteridium  aquilinum)  ,    arnica    (Amioa   sp.J,    and 
Oregon  oxalis   (Oxalis   oregana)  .       Oii  six  plots  within  the  Mount  Baker  Province, 
oval-leaved  huckleberry  or  Alaskan  huckleberry  \vere  the  dominant  understory 
species.      Other  shrubs   common  on  the  plots  within  this   province  were  thin- 
leaved  huckleberry  and  strawberry  dwarf  brainble   (Rubus  pedatus).       Common 
herbaceous   species   included  arnica,    western  coolwort   (Tiarelta  unifoliata) ,  one- 
flowered  clintonia    (Clintonia  uni flora )  ,    and  western  brake-fern. 

Forest  Floor  Characteristics  - -Humus   Type, 
Depth,    and  Weight  Relationship 

Four  forest  humus  types  were  identified  on  the   study  plots.      The  follow- 
ing definitions  are  those   proposed  by  Hoover  and  Lunt  (1952). 

1.  Felty  mor--H  layer  (02  horizon)  present  and  practically  no  mixing  of 
organic  matter  with  mineral  soil.      H  layer  feels  and  looks  felty  due  to 
presence  of  fungal  hyphae. 

2.  Fine  mull- -No  H  layer  present.      Al  horizon  is  an  intimate  mixture  of 
organic  material  and  mineral  soil,    has  fine  granular  structure,    and 
organic  matter  content  is   generally  greater  than  30  percent.— 


3/ 

—  Common  and  scientific  names  for  most  shrubs  and  herbs   in  accor- 
dance with  Peck  (1961). 

4/ 

—  Authority  for  this   species   is   Hitchcock  et  al.    (1955-1964). 

5/ 

—  Unfortunately,    this  definition  does   not  conform  to  present  concepts. 

Most  soil  scientists  in  the  Pacific  Northwest  probably  would  classify  a  layer 
with  an  organic  matter  content  approaching  50  percent  as  an  H  layer,  rather 
than  as   an  Al   horizon. 


3.  Thin  duff  mull--H  and  F  layers   present  with  an  underlying  Al   horizon. 
Combined  F  and  H  layers   less  than  1   inch  thick. 

4.  Thick  duff  mull-- Combined  F  and  H  layers  more  than  1   inch  thick. 

The  felty  mor  humus  type   predominated  in  the  southern  provinces 
(Crater  Lake,    Three  Sisters,    and  Willamette),    whereas  the  duff  mull  types 
were  confined  almost  exclusively  to  the  Mount  Baker  Province  (table   Z).      Plots 
within  the  Mount  Hood,    Mount  Adams,    and  Mount  Rainier  Provinces   generally 
had  either  fine  mull  or  felty  mor  humus  types. 

Average  values  for  depth  and  weight  by  ecological  province  show  greater 
accumulations  of  forest  floor  material  in  central  and  northern  Washington  com- 
pared with  Oregon  and  Mount  Adams   Provinces   (table  Z). 


Table  2. -General  characteristics  of  the  forest  floor  and  underlying  mineral  soil  on  46  true  fir-hemlock  plots 


Ecological 
province 

Plot 
No. 

Forest 
humus  type 

Average  depth 

of  forest 

floor 

Weight  of 
forest 
floor 

Average 
soil  depth 

Soil  texture 

Inches 

Pounds 
per  acre 

Feet 

Crater  Lake, 

1 

Felty 

mor 

1.2 

48,766 

2.3 

Gravelly  loamy 

Oregon 

sand 

2 

Felty 

mor 

l.A 

44,279 

4.6 

Pumice  sands 
and  gravels 

3 

Felty 

mor 

1.6 

75,880 

1.2 

Sandy  loam 

A 

Felty 

mor 

1.7 

39,184 

3.0 

Silt  loam 

5 

Felty 

mor 

1.4 

43,735 

1.9 

Silt  loam 

6 

Felty 

mor 

1.4 

47,071 

5.0 

Pumice  sands 
and  gravels 

Province  means 

1.4 

49,819 

3.0 

Three  Sisters, 

1 

Felty 

mor 

1.4 

78,199 

2.2 

Sandy  loam 

Oregon 

2 

Fine  mull 

.8 

23,054 

1.8 

Sandy  loam 

Province  means 

1.1 

50,626 

2.0 

Willamette, 

1 

Felty 

mor 

1.2 

44,038 

2.5 

Loam 

Oregon 

2 

Felty 

mor 

1.8 

44,163 

4.5 

Silt  loam 

3 

Fine  mull 

1.0 

29,237 

1.2 

Loam 

Province   means 


1.3 


39,146 


2.7 


Mount  Hood, 

1 

Fine  mull 

.7 

31,235 

1.4 

Fine  sandy 

Oregon 

loam 

2 

Fine  mull 

.5 

20,020 

3.8 

Loam 

3 

Fine  mull 

.9 

35,179 

1.4 

Silt  loam 

4 

Felty  mor 

1 

.1 

38,212 

1.3 

Loam 

5 

Felty  mor 

1 

.3 

32,814 

1.1 

Loam 

6 

Fine  mull 

.8 

26,078 

.7 

Loam 

Province  means 

.9 

30,590 

1.6 

Table  2.--General  cnaracterlstics  of  the  forest  floor  and  underlying  mineral  soil  on  46  true  fir-hemlock  plots — Continued 


Mount  Rainier, 
Washington 


Ecological 
province 

Plot 
No. 

Forest 
hjiT.us  type 

Average  depth 

of  forest 

floor 

Weight  of 
forest 
floor 

Average 
soil  depth 

Soil  texture 

Inches 

Pounds 
per  acre 

Feet 

Mount  Adams, 

1 

Felty  mor 

3.2 

94,321 

3.1 

Loam 

Washington 

2 

Felty  mor 

2.0 

53,317 

3.7 

Coarse  sandy 
loam 

3 

Felty  mor 

1.7 

46,768 

2.6 

Loamy  sand 

A 

Fine  mull 

1.0 

38,756 

3.0 

Sandy  loam 

5 

Fine  mull 

.6 

16,987 

3.1 

Coarse  sandy 
loam 

6 

Fine  mull 

1.1 

29,299 

2.8 

Loam 

Province  means 

1.6 

46,575 

3.0 

1 

Felty  mor 

2 

Felty  mor 

3 

Felty  mor 

4  Thin  duff  mull 

5  Fine  mull 

6  Fine  mull 

7  Fine  mull 

8  Fine  mull 

9  Fine  mull 


2.6 
1.4 
2.1 

1.5 

.5 
.8 
.7 
1.1 
.9 


152,375 

45,733 

122,898 

50,105 

34,393 
31,726 
34,822 
44,038 
25,356 


.7 
1.4 
2.4 

4.4 

4.3 
1.5 
2.4 
3.0 
4.2 


Silt  1 o  am 
Gravelly  loam 
Coarse  sandy 

loam 
Gravelly  loamy 

sand 
Sandy  loam 
Loam 

Sandy  clay  loam 
Loamy  sand 
Coarse  sandy 

loam 


Province  means 


1.3 


60,161 


2.7 


Mount  Baker, 

1 

Thick 

duff 

mull 

2.1 

60,722 

1.7 

Loam 

Washington 

2 

Thick 

duff 

mull 

2.4 

64,112 

1.8 

Sandy  loam 

3 

Thick 

duff 

mull 

4.3 

105,786 

1.5 

Sandy  loam 

4 

Thick 

duff 

mull 

3.6 

94,384 

1.4 

Sandy  loam 

5 

Felty 

mor 

2.3 

53,861 

1.8 

Gravelly  loamy 
sand 

6 

Thick 

duff 

mull 

5.1 

124,593 

1.3 

Sandy  loam 

7 

Thick 

duff 

mull 

4.1 

109,069 

1.1 

Loamy  sand 

8 

Thick 

duff 

mull 

3.7 

130,472 

1.9 

Gravelly  silt 
loam 

9 

Thick 

duff 

mull 

2.6 

51,318 

1.1 

Loamy  sand 

10 

Thick 

duff 

mull 

2.2 

57,198 

1.8 

Loam 

11 

Thick 

duff 

mull 

2.2 

74,854 

1.7 

Sandy  loam 

12 

Thin  duff  mull 

2.0 

52,951 

1.6 

Sandy  loam 

13 

Thin  duff  mull 

1.9 

51,684 

1.3 

Sandy  loam 

14 

Thin 

duff  mull 

1.5 

57,626 

1.3 

Loam 

Province   means 


2.9 


77,759 


1.5 


All  plot  means 


1.! 


56,754 


2.2 


The  forest  floor  is  thinnest  where  the  humus  type  is  fine  mull  (table  3), 
Felty  mor  and  thin  duff  mull  types  appear  intermediate  and  roughly  equivalent 
in  depth  and  weight.  Thick  duff  mull  is  characterized  by  the  greatest  accuniu- 
lations   of  organic  materials,    as   evidenced  by  both  depth  and  weight  figures. 


Table  3.--Weight  and  depth  characteristics  of  the  humus  types 


Humus    type 


Number 
of   plots 


Thickness 


Average 


Range 


Weight 


Average 


Range 


Inches 


Pounds   per   acre 


Felty   mor 


Fine   mull 


Thin   duff   mull 


Thick   duff   mull 


1.7 


14 


10 


1.7 


3.2 


1.1 

to 

3.2 

.5 

to 

1.1 

1.5 
to 

2.0 

2.1 

to 

5.1 


61,423 


30,013 


53,092 


87,251 


32 

,814 

to 

152 

,375 

16 

,987 

to 

44 

,038 

50 

,105 

to 

57 

,626 

51 

,318 

1 

:o 

130 

472 

Average  weight  of  thick  duff  mulls  agrees  quite  closely  with  an  average 
weight  of  89,  219  pounds   per  acre,    previously  reported  for  duff  mulls  in  V^ash- 
ington  by  Gessel  and  Balci  (1965).      However,    they  report  a  substantially  higher 
weight  for  mor  humus  types   (140,  862  pounds   per  acre)  than  was  found  in  this 
study.      This  discrepancy  may  be  partially  due  to  the  classification  of  some 
forest  floor  layers  in  this   study  as  Al   horizons,    which  might  be  classed  as  H 
layers   according  to  other   systems. 

Apparently,    forest  floor  weights  tend  to  be  somewhat  higher  under  mature 
true  fir  — hemlock  stands  than  under  100-year-old  Douglas-fir  stands  in  Oregon. 
Youngberg  (1966)   reports   a  range  of  20,  475  to  59,  677  pounds   per  acre  for  Douglas- 
fir  in  the   Oregon  Coast  Ranges,    with  most  values  being  in  the  20,  000  to  30,  000 
pounds   per  acre   range.      Tarrant  and  Miller  (1963)  also  found  this   same   range  at 
Wind  River  in  southwestern  Washington. 
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Stands  dominated  by  noble  fir  had  the  smallest  quantities   of  forest  floor 
material  (fig.    2).      Pacific  silver  fir  and  Pacific   silver  fir-western  hemlock 
plots,    on  the  other  hand,    had  substantially  greater  accumulations   of  material 
than  the  other  types. 

Attempts  were  made  to  determine  whether  correlations   existed  between 
forest  floor  characteristics   and  plot  elevation,    aspect,    and  understory  vegetation. 
In  each  case,    there  was  no  apparent  relationship.      With  a  larger  sample  size 
such  correlations  would  perhaps  become  detectable. 


Figure  2. --Forest  floor  weight  under  seven  forest  types. 
(The  horizontal  line  is  the  average  for  the  type, 
and  ihe  length  of  the  bar  represents  the  range.) 
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Forest  Floor  Characteristics  - -Nutrient  Content 

Chemical  analyses   of  forest  floor  material  disclosed  considerable  vari- 
ability in  nutrient   content  among  plots   (table  4).      For  example,    available  phos- 
phorus content  ranged  from  21   to  180  parts   per  million  (p.  p.m.)  and  total 
nitrogen  content  varied  from   0.  698  to  1.  395  percent.      This  variability,    coupled 
with  the   small  sample  available,    makes  it  difficult  to  develop  relationships. 
Suggested  correlations  between  forest  floor  nutrient  content  and  ecological 
province  or  forest  type  are,    therefore,    tentative. 


Table  4, -Content  of  available  nutrients  in  forest  floor  material  collected  from  46  true  fir-hemlock 
stands  in  the  Cascade  Range  of  Oregon  and  Washington 


Province  and 

Phosphorus 

Nitrogen 

Potassium 

Calcium 

Magnesium 

number  of  plots 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

P_ 

p.m. 

Pel 

-cent 

Meq.  per  100  g. 

Meq 

per  100  g. 

Meq. 

per  100  g. 

Crater  Lake, 
Oreg. ;  6  plots 

55 

32 
to 
68 

0 

.862 

0.753 

to 

.993 

2 

.35 

1.30 

to 
3.12 

10 

.3 

5.0 

to 

3.12 

4.5 

2 . 2 

to 

8.0 

Three  Sisters, 
Oreg. ;  2  plots 

50 

36 

to 

878 

.698 
to 

2 

28 

1.56 
to 

14 

2 

6.4 
to 

5.2 

3.8 

to 

63 

1.067 

3.00 

22.0 

6.7 

Willamette, 
Oreg.  ;  3  plots 

51 

45 
to 
59 

1 

135 

.970 

to 

1.326 

2 

06 

1.96 

to 
2.22 

14 

9 

11.6 

to 

17.8 

5. 

4 

4.5 

to 
6.0 

Mount  Hood, 
Oreg. ;  6  plots 

62 

53 
to 
75 

955 

.785 

to 

1.090 

2 

59 

1.44 

to 
3.40 

14 

6 

9.0 

to 

22.5 

5 

5 

3.2 

to 

6.7 

Mount  Adams, 
Wash. ;  6  plots 

78 

45 
to 

1 

086 

1.016 
to 

2 

45 

1.76 
to 

14 

6 

6.4 
to 

5 

3 

3.8 
to 

124 

1.203 

3.68 

26.7 

6.7 

Mount  Rainier, 

103 

41 
to 

1 

054 

.871 
to 

2 

62 

1.44 
to 

13 

3 

5.2 
to 

5. 

1 

3.5 
to 

Wash. ;  9  plots 

180 

1.266 

3.48 

25.5 

7.0 

Mount  Baker, 
Wash. ;  14  plots 

69 

21 

to 

130 

1 

026 

.815 

to 

1.395 

2 

56 

1.47 

to 
4.18 

12 

1 

5.4 

to 

32.1 

4. 

6 

3.3 

to 

6.2 

All  provinces; 
46  plots 

72 

21 
to 

1 

009 

.698 
to 

2 

46 

1.30 
to 

13 

01 

5.0 
to 

5. 

0 

2.2 
to 

180 

1.395 

4.18 

32.1 

8.0 

Mean  values  for  forest  floor  nutrient   levels   generally  show  little  re- 
lationship to  ecological  province  (table  4).      This  is   especially  true  for  exchange- 
able potassium,    calcium,    and  magnesium  values,    which  vary  only  slightly  amonj 
provinces.     Values  for  total  N  suggest  levels  of  this  important  nutrient  element 
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may  be  slightly  lower  in  the  Crater  Lake  and  Three  Sisters  Provinces.      Avail- 
able phosphorus   content  of  forest  floor  material  tends  to  be  greater  in  the  three 
Washington  provinces. 

There  are  several  interesting  correlations  between  forest  floor  nutrient 
content  and  forest  type   (figs.    3,    4,    and   5).      Forest  floors  in  Shasta  red  fir  and 
mountain  hemlock  stands  tend  to  have  snnallest  amounts  of  total  nitrogen,    avail- 
able phosphorus,    and  exchangeable  calcium;  quantities  appear  even  smaller  when 
the  relatively  small  accumulations  of  forest  floor  material  in  these  two  tvpes  are 
considered.      Forest  floors  under  Pacific  silver  fir  stands  contained  appreciably 
greater  quantities  of  available  phosphorus   (fig.    4).      Levels  of  exchangeable  cal- 
cium w^ere   substantially  higher  under  noble  fir  stands  than  under  the  other  six 
forest  types  (fig.    5).      Why  these  differences  occur  is  not  known,    but  they  do 
reflect  the  possibility  of  differing  nutrient  requirements  on  the  part  of  the  vari- 
ous tree  species   or,    perhaps  more  likely,    differences  in  soil  parent  materials. 
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Figure  3. --Amount  of  total  nitrogen  in  forest  floors  under  seven  forest  types. 
(The  hori zontal  line  is  the  average  tor  the  type,  and  the  length  of  the  bar 
represents  me  range.) 
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Figure  4. --Amount  of  available  phosphorus  in  forest  floors  under 
seven  forest  types.      (The  horizontal  line  is  the  average  for 
the  type,    and  the  length  of  the  bar  represents  the  range.) 
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Figure  5. --Amount  of  exchangeable  calcium  in  forest  floors  under 
seven  forest  types.      (The  horizontal  line  is  the  average  for 
the  type,  and  the  length  of  the  bar  represents  the  range.) 
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Forest  Floor-Soil  Fertility  Relationships 

An  important  objective  of  this  study  was  to  determine  the   proportion  of 
the  total  available  nutrient  capital  contained  in  the  forest  floor.      Thus,    nutrient 
concentration  levels  were  converted  to  weight  in  pounds   per  acre  for  both  the 
mineral  soil  and  forest  floor   (table   5).      It  should  be  borne  in  mind  that  the  soil 
nutrient  contents   are  only  approximations  since  the  method  of  determining  depth 
(restriction  of  penetration  with  a  King  tube)  is  not  an  entirely  accurate  measure 
of  rooting  depth. 

Nutrient  levels   in  mineral  soil  vary  strikingly  from  plot  to  plot.      Much 
of  this  variability  is   explainable  by  differences  in  soil  profile  depths.      However, 
if  the  mean  values  for  the  46  plots  are   considered,    it  appears  that  fertility  levels 
of  these  soils   are  generally  well  within  the  range  of  va.lues   reported  for  Cascade 
Range  soils.      The  surface   6  inches   of  soil  in  the  Cascades   is   reported  to  have  a 
nitrogen  content  of  about  3,  800  to  6,  600  pounds   per  acre  and  an  available  phos- 
phorus  content  of  from   7  to  1  00   pounds   per  acre  (Forest  Soils  Committee  of  the 
Douglas -fir  Region  1957).      Average  quantities   of  these  elements  determined  in 
this  study  (7,  895  pounds   per  acre  of  nitrogen  and  Z8  pounds   per  acre  of  phospho- 
rus) appear  at  least  roughly  comparable,    since  the  major  portion  of  these  ele- 
ments  is   generally  in  the   surface  soil. 

Nutrient  quantities  contained  in  the  forest  floor  also  show  considerable 
variation  among  plots  (table  5).  Most  can  be  attributed  to  variations  in  weight 
of  forest  floor  material  but  part  is  due  to  some  variations  in  concentration. 

Ranges  in  percentages  of  total  nutrient  quantities   (in  soil  plus   forest 
floor)  contained  in  the  forest  floor  are:     available  phosphorus,    1  .  8  to  85.  1    per- 
cent; exchangeable   potassium,    1.4  to  70.8  percent;  exchangeable  calcium,    1.0 
to  8.  05  percent;  exchangeable  magnesium,    3.  6  to  79.  9  percent;  and  total  nitrogen, 
0.  Z  to  39-  4  percent.      In  the  miajority  of  cases  where  substantial  proportions   of 
the  total  available  nutrient  capital  are  contained  in  the  forest  floor,    the  soil 
profile  was   shallow. 

It  should  be  emphasized  that,    with  the  exception  of  nitrogen,    amounts   of 
available  nutrients,    rather  than  total  quantities,    hav<='  been  determined  in  this 
study.      If  total  quantities  had  been  measured,    the  forest  floor  might  have  been 
found  to  contain  a  higher  proportion  of  at  least  some  of  the  nutrient  elements, 
such  as   phosphorus. 

Mean  percentages   for   all  plots   (table   5)  indicate  that  generally  less  than 
one-fourth  of  the  total  available  nutrient  supply  is  contained  in  the  forest  floor 
material.      This   proportion  is   even  smaller  in  the  case  of  total  nitrogen  (12  per- 
cent).     The  proportion  of  nutrients   contained  in  the  forest  floor  is  greatest  for 
the  Mount  Baker  Province,    largely  due  to  the  thicker  accumulations  of  forest 
floor  material. 

From  these  analytical  results   it  is  tentatively  concluded  that  levels  of 
nnost  nutrients   are  adequate  for  satisfactory  tree  growth.      Phosphorus  may  be 
the  most  limiting  element  on  some  shallow  soils.      Despite  the  large  quantities 
of  total  nitrogen  present,    no  definite  conclusions  can  be  drawn  concerning  the 
nitrogen  economy  until  rates  at  which  it  is   converted  into  available  forms  are 
determined. 
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Table  5. --Amounts  of  exchangeable  potassium,  calcium,  magnesium,  available  phosphorus  and  total  nitrogen  in  the 


Ecological  province 

Plot 
No. 

Mineral  soil 

Available 

phosphorus 

Exchangeable 
potassium 

Exchangeable 
calcium 

Exchangeable 
magnesium 

Total 
nitrogen 

pH 

Crater  Lake,  Oregon 


1 

39 

2 

54 

3 

15 

4 

22 

5 

27 

6 

26 

Pounds  per  acre 


222 

894 

149 

2,437 

5.7 

958 

5,939 

503 

8,496 

5.5 

147 

322 

6 

2,202 

5.2 

408 

895 

182 

18,279 

4.6 

351 

988 

110 

5,792 

5.1 

621 

353 

215 

5,475 

5.4 

Province  means 


1,560 


7,114 


Three  Sisters,  Oregon 


19 
16 


1,103 
980 


1,916 
638 


325 
167 


6,335 

3,374 


5.4 
5.8 


Province  means 


1,042 


Willamette,  Oregon 


1 

30 

2 

109 

3 

12 

944 
325 
66 


644 

208 

85 


196 

11,859 

5.3 

254 

18,296 

4.5 

26 

679 

6.2 

Province  means 


Mount  Hood,  Oregon 


1 

17 

2 

44 

3 

20 

4 

22 

5 

29 

6 

3 

264 
379 
308 
354 
51 
163 


150 
194 
215 
130 
348 
89 


92 

7,504 

4.4 

18 

14,136 

4.9 

87 

1,574 

5.9 

79 

8,448 

5.1 

53 

1,718 

5.8 

54 

4,090 

5.0 

Province  means 


6,2A5 


Mount  Adams,  Washington 


1 

33 

2 

32 

3 

21 

4 

27 

5 

48 

6 

35 

630 
1,511 
837 
178 
617 
201 


1,025 
644 
571 
304 
351 
258 


179 

7,904 

5.9 

262 

7,621 

5.6 

261 

40,754 

5.4 

93 

4,027 

5.9 

107 

5,964 

5.6 

78 

4,636 

5.7 

Province  means 


662 


526 


Mount  Rainier ,  Washington 


1 

2 

2 

10 

3 

22 

4 

111 

5 

57 

6 

32 

7 

33 

8 

16 

9 

25 

Province  means 


51 

202 

587 

46 

1,890 

502 

1,163 

428 

1,061 

659 


66 
841 

5,008 
467 

4,960 
321 
396 
313 

3,949 

1,813 


20 

2,480 

5.4 

197 

3,720 

5.6 

382 

11,268 

6.0 

143 

9,137 

5.4 

776 

20,983 

5.9 

98 

5,772 

5.3 

161 

4,035 

6.0 

95 

10,872 

5.1 

452 

39,856 

5.0 

Mount  Baker,  Washington 


1 

15 

2 

18 

3 

22 

4 

20 

5 

10 

6 

14 

7 

8 

8 

8 

9 

15 

10 

31 

11 

9 

12 

52 

13 

29 

14 

32 

296 
158 
198 
260 
252 
136 
108 
272 
256 
194 
301 
230 
568 
253 


152 
242 
218 
295 
763 
39 
46 
321 
328 
165 

3,150 
590 

1,004 
176 


46 

8,144 

5.8 

49 

2,867 

6.1 

88 

2,357 

5.3 

45 

2,031 

6.0 

107 

7,102 

5.1 

47 

3,728 

4.9 

28 

4.806 

4.9 

130 

3,250 

5.6 

200 

3,913 

4.5 

50 

2,812 

5.7 

470 

14,912 

4.3 

103 

1,558 

5.3 

258 

2,959 

5.6 

36 

3,026 

5.5 

Province  means 


535 


4,533 


Averages  for  all  plots 
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mineral  soil  and  forest  floor  maferial  and  proportion  contained  in  the  forest  floor  alone,  by  ecoloiical  provinces  and  plots 


Forest  floor  material 

Forest 

floor  material  alone 

Available 

Exchangeable 

Exchangeable 

Exchangeable 

Total 

pH 

Available 

Exchangeable 

Exchangeable 

Exchangeable 

Total 

phosphorus 

potassium 

calcium 

magnesium 

nitrogen 

phosphorus 

potassium 

calcium 

magnesium 

nitrogen 

Pounds  per  acre 
84 

2 

36 

31 

367 

5.0 

4 

14 

9 

17 

13 

3 

50 

62 

20 

368 

4.4 

5 

5 

1 

4 

4 

« 

66 

76 

26 

688 

4.3 

20 

31 

19 

80 

24 

2 

A2 

172 

25 

319 

4.9 

10 

9 

16 

12 

2 

2 

53 

116 

43 

434 

5.2 

8 

13 

10 

28 

7 

3 

24 

56 

13 

413 

4.0 

11 

4 

14 

5 

7 

3 

45 

94 

26 

432 

4.6 

10 

13 

12 

24 

10 

3 

48 

100 

36 

546 

4.6 

13 

4 

5 

10 

8 

1 

27 

101 

19 

246 

4.6 

8 

3 

14 

10 

7 

2 

38 

100 

28 

395 

4.6 

10 

4 

10 

10 

8 

3 

34 

102 

24 

427 

4.8 

9 

3 

14 

11 

4 

2 

38 

157 

32 

490 

4.9 

2 

10 

43 

11 

3 

1 

23 

89 

20 

388 

4.6 

8 

26 

51 

44 

36 

2 

32 

116 

25 

435 

4.8 

6 

13 

36 

22 

14 

2 

20 

95 

21 

247 

4.4 

9 

7 

39 

19 

3 

1 

11 

23 

8 

157 

4.4 

3 

3 

11 

6 

1 

3 

44 

160 

28 

374 

4.8 

12 

12 

43 

25 

19 

2 

51 

69 

26 

348 

4.4 

8 

1 

35 

25 

4 

2 

42 

126 

27 

358 

4.6 

7 

45 

27 

34 

17 

1 

26 

52 

16 

284 

4.3 

25 

14 

37 

22 

5 

65 

157 

44 

132 

67 

60 

46 

78 

13  . 

80 

25 

156 

64 

1,135 

3.8 

22 

9 

25 

559 

4.3 

U 

3 

30 

497 

4.0 

21 

7 

21 

394 

4.1 

10 

20 

12 

185 

4.6 

2 

2 

24 

321 

5.0 

4 

11 

26 

12 

9 

7 

10 

1 

19 

9 

10 

3 

23 

6 

14 

124 

189 

2 

26 

93 

22 

166 

280 

5 

62 

145 

4 

33 

126 

4 

43 

119 

3 

29 

50 

6 

48 

79 

2 

26 

129 

72 

1,613 

3.9 

85 

71 

23 

444 

4.3 

16 

11 

84 

1,115 

4.0 

50 

22 

32 

436 

4.2 

4 

58 

29 

435 

4.8 

6 

2 

20 

350 

4.6 

10 

8 

15 

386 

3.9 

9 

2 

28 

511 

3.9 

27 

10 

19 

252 

4.7 

6 

2 

74 
10 

5 
23 

2 
27 
11 
20 

3 


78 

39 

10 

U 

18 

9 

18 

5 

4 

2 

17 

6 

8 

9 

23 

5 

4 

1 

4 

66 

124 

8 

49 

69 

6 

75 

148 

2 

80 

164 

2 

62 

118 

4 

106 

444 

11 

142 

190 

10 

75 

177 

6 

63 

92 

1 

63 

120 

3 

51 

305 

2 

50 

346 

4 

84 

125 

4 

68 

105 

44 

659 

4.0 

19 

18 

28 

882 

3.8 

31 

24 

43 

955 

3.6 

22 

28 

41 

769 

3.8 

9 

23 

32 

553 

3.8 

19 

20 

58 

1,574 

3.9 

23 

44 

54 

1,076 

3.8 

57 

57 

72 

1,079 

3.8 

U 

22 

38 

716 

3.9 

26 

20 

29 

710 

4.0 

2 

24 

36 

850 

4.1 

27 

14 

39 

594 

4.8 

3 

18 

39 

520 

4.4 

12 

13 

29 

691 

3.9 

12 

21 

45 
22 
40 
36 
13 
92 
80 
36 
29 
42 
9 
37 
U 
37 


49 

8 

36 

24 

32 

29 

48 

28 

23 

7 

55 

30 

66 

18 

35 

25 

16 

16 

36 

20 

7 

5 

28 

28 

13 

15 

45 

19 
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SUMMARY     and    CONCLUSIONS 

This   exploratory  study  has  indicated  that  forest  floors  under  true  fir— hem- 
lock stands   in  Oregon  and  Washington  generally  attain  only  moderate  thickness. 
Average  forest  floor  depth  on  46  plots  was   1.  8  inches   and  average  weight  was 
56,754  pounds   per  acre.      Forest  floor  thickness  and  weight  were  generally 
greatest  in  the  northern  ecological  provinces   (Mount  Rainier  and  Mount   Baker). 
A  felty  mor  humus  type  predomiinated  in  the   southern  provinces   (Crater  Lake, 
Three  Sisters,    and  Willamette).      Plots   in  the  Mount  Baker  Province  had  largely 
duff -mull  humus  types.      Plots  within  the  Mount  Hood,    Mount  Adams,    and  Mount 
Rainier  Provinces  had  predominately  fine  mull  or  felty  mor  humus  types. 

Nutrient  content  of  forest  floor  material  varied  greatly  from   plot  to  plot, 
and  there  was   little  apparent  correlation  between  nutrient  content  and  ecological 
province.      Available  phosphorus   content  appeared  considerably  higher  under 
Pacific  silver  fir  stands,    and  noble  fir  forest  floors  contained  distinctly  more 
exchangeable  calcium.      Except  for  these   rather  striking  relationships,    forest 
floor  nutrient  content  was  virtually  uniform  among  forest  types. 

Results   of  analyses   of  both  forest  soil  and  underlying  mineral  soil  indi- 
cate that  less  than  one-fourth  of  the  total  available  nutrient  supply  is   generally 
contained  in  the  forest  floor  material.      Furthermore,    with  the   possible  exception 
of  phosphorus,    levels   of  available  nutrients   appear  to  be  adequate  for  good  tree 
growth. 

This   study  has   provided  preliminary  information  concerning  general 
characteristics  of  upper-slope  forest  floors  in  the  Cascade  Range  of  Oregon 
and  Washington.      However,    there  is  miuch  work  yet  to  do.      Large  local  vari- 
ations in  forest  floor  characteristics  necessitate  much  more  extensive  sampling 
to  fully  describe  these  layers.      Questions   remaining  unanswered  include  moisture 
relationships   of  the  forest  floor,    the  effect  of  organic  layers   on  tree  regeneration, 
total  amounts   of  nutrient  elemients   contained  in  the  forest  floor,    and  factors 
affecting  rates  of  mineralization. 
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INTRODUCTION 

The  western  hemlock  looper,   Lambdina  fisoellavia   lugubrosa   (Hulst), 
periodically  causes   severe  damage  in  coastal  forests  of  Oregon,    Washington, 
and   British  Columbia.      Heavy  feeding  by  this   insect  can  kill  hemlock  trees   in 
1   year.      Because  outbreaks  develop  rapidly,    direct  control  is  usually  needed 
the  year  after  discovery  of  tree  damage  to  prevent  wholesale  destruction  of 
valuable  timber.      Aerial  spraying  with  DDT  in  oil  was   proven  an  effective  con- 
trol measure  in  1945  (Anonymous   1946,    pp.    46-53).      Since  then,    the  method  has 
been  used  successfully  for  looper  control  in  the  Northwest. 

Potential  hazard  of  DDT  to  other  resources   in  coastal  areas--big  game, 
salmon,    oysters,    clams,    and  dairying- -has  led  to  increasing  caution  in  its  use 
and  a  search  for  alternative  control  measures.      Microbial  insecticides,    such  as 
viruses    and    bacteria,      are  possible    substitutes.        One    of    these,     Bacillus 
thuringiensis    Berliner,    demonstrated  by  Steinhaus  (1951)  to  be  effective  in  con- 
trol of  the  alfalfa  caterpillar,    has   shown  considerable  promise  for  control  of 
other  agricultural  insects.      Results   of  field  trials   in  Canada  during   1960  on  the 
spruce  budwormi    (Chorn-stoneura  fwrtiferana   (Clemens))  and  black-headed  budworm 
{  Acleris   variana  (Fernald))  appeared  to  justify  further  study  of  the   potential  use- 
fulness of    B.    thuinngiensis    preparations  in  the   control  of  forest  defoliators 
(Prebble  1961).      Since  then,    results   of  combined  field  and  laboratory  tests  have 
been  reported  by  Smirnoff  (1963)  for  spruce  budworm,    Lewis  and  Connola  (1966) 
for  gypsy  moth    (Porthetria  dispar  L.),    and  a  pilot  test  on  spruce  budworm  by 
Klein  and  Lewis   (1966). 

An  opportunity  to  field-test    B.    thuringiensis   var.  thuringiensis  ,    in  a 
commercial  water-based  formulation, _'  was   provided  by  an  outbreak  of  hemlock 
looper   in  southwest  Washington  in  1963.      Thuricide  90-T,    which  our  laboratory 
tests   proved  toxic  to  the  hemlock  looper  and  four  other  western  forest  pests, 
was  applied  by  helicopter  in  a  large-scale  test  under  operational  conditions. 


TEST  CONDITIONS 

The  test  was   conducted  in  an  uneven-aged  stand  of  western  hemlock 
{  Tsuga  heterophylla  (Raf.  )  Sarg.  )  on  Long  Island,    a  body  of  land  about   6  miles 
long  and  1   to  Z  miles  wide  in  Willapa  Bay.      The  bay  and  adjacent  timberlands 
provided  a  buffer  area  against  a  large  looper  control  operation  on  the  mainland 
using  chemical  insecticides.      The   principal  overstory  was    60-   to  100-vear-old 
hemlock  with  old-growth  western  redcedar  (Thuja  pliaata  Donn)  and  Sitka  spruce 


—     Trade  name  Thuricide  90-T,    prepared  by  the   Bioferm  Corp.  ,    Wasco, 
Calif.  ,    and  marketed  by  Stauffer  Chemical  Co. 


{  Piaea  sitchensis  (Bong.)  Carr.  )  interspersed.      Intensity  of  looper  infestation 
was  extremely  variable.      Access  to  the  island  was  chiefly  by  boat;  some  supplies 
were  airlifted  by  helicopter. 

A  test  area  of  325  acres   was  selected  in  the   southern  portion  of  the  island 
where  looper   populations  were  generally  high.      An  unsprayed  check  area  was 
about  2  miles   to  the  north  in  a  stand  similar  to  that  in  the  test  area  but  having 
relatively  low  populations.      Locating  and  sampling  plots   required  the  cutting  of 
parallel  lines  through  the  underbrush,    starting  from  existing  trails.      To  expedite 
the  tests,    the  Weyerhaeuser  Co.    postponed  logging  for  3  years. 

Physical  conditions -- particularly  accessibility  and  suitability  of  stands 
for  sampling- -limited  the  field  test  to  a  single  rate  of  application.      A  minimum 
rate  of  1   gallon  of  Thuricide  plus   1    gallon  of  water   per  acre  was   indicated  by 
results   of  field  tests  on  gypsy  moth  in  the  Northeast  in  1962,    now  reported  by 
Lewis  and  Connola  (1966).      In  May  1963,    prior  to  our  field  test,    prelinninary 
tests  in  cooperation  with  Agricultural  Research  Service,  provided  initial  data 
for  obtaining  this   rate  of  application  at  heights   of  flight  of  75  and  150  feet. 
Preliminary  tests  also  included  two  other  rates   of  application--!   gallon  of 
Thuricide  plus   3  gallons  of  water  and  2  gallons  of  Thuricide  plus   2  gallons  of 
water.     Small  trees  were  exposed  to  the  three  rates  of  application  and  hemlock 
looper   larvae  then  reared  on  these  trees.      Because  no  real  difference  in  mor- 
talities was   evident  between  the  three  applications,    the  decision  was  made  to 
field-test  at  the  minimum  rate. 


Field  work  began  on  June  12.      Approximately  a  month  was   required  to 
construct  lines,    install  plots,    and  obtain  preliminary  estimates  of  looper   popu- 
lations  on  plot  trees.     Spraying  was  on  July  19,    timed  with  the  peak  of  the  third 
instar.      The  Thuricide  and  water  were  combined  at  the  nearby  Willapa  Game 
Refuge  headquarters   and  mixed  mechanically  during  transport  to  the  heliport 
on  a  jeep  carrying  two  30-gallon  tanks.   Calcofluor  white,    a  fluorescent  material, 
was  added  at  the  rate  of  1    percent  by  volume  to  simplify  assessment  of  spray 

distribution.      A  Bell  G-2  helicopter, 
equipped  with  a  30-foot  boom  and  18 
No.    4664  Tee  Jet  spray  nozzles,    deliv- 
ered the  spray  at  the  connputed  rate  of 
2  gallons   per  acre  on  60-foot  swaths, 
using  a  pump  pressure  of  about  40 
pounds   per  square  inch.      Airspeed 
was   30  miles   per  hour  and  flight 
level  about  1  50  feet  above  the  tree 
tops   (fig.    1).      Mass  median  (m.m.d.) 
of  droplets  at  the  spray  nozzles  was 
160  to  170  microns.      Each  spray  load 
was   60  gallons. 


I'igure   l.--llelic'oplf'r  sprayirif;  lest  area  with 

water-based  suspension  of  Bacillus  thunngiensis. 


During  the  test  period,    July  and  August,    a  fog  or  low  overcast  persisted 
most  of  each  day;  stand  temperatures   usually  ranged  from  55°   to  65°    F.  ,    reach- 
ing 70°   to  72°   on  the  few  days  with  sunshine.      Relative  humidity  was   60  to  70 
percent  in  midafternoon,    increasing  to  90  to  100  percent  at  night. 

OBJECTIVES 

The  broad  objective  of  the  field  test  was  to  determine  whether  economic 
control  of  the  western  hemlock  looper  with    B.    thuringiensis    was  immediately 
feasible.      Specific  objectives  were  to: 

A.  Determine  when  larval  mortality  commenced,    reached  a  peak,    and 
ended  and  how  much  mortality  occurred. 

B.  Relate  spray  deposit  and  spray  distribution  to  total  looper  mortality 
at  the  end  of  a  20-day  period. 

C.  Test  the  frass-drop  method  as  means  for  evaluating  looper  mortality. 

D.  Deduce  indirect  effects  of  spraying  on  larval  development  and  biotic 
control  agents . 

E.  Evaluate  population  trends  and  tree  damage  occurring  1   and  2  years 
after  spraying. 


ASSESSMENT  OF  LARVAL  MORTALITY 

Methods 

Test  and  check  areas  were  sampled  by  means  of  systematically  located 
plots.      Each  plot  consisted  of  three  codominant  hemlocks  which  were  sampled 
for  living  larvae;  a  cloth-bottomed  tray  was   placed  under  each  tree  to  collect 
dead  larvae  and  frass  falling  from  trees   (fig.    2).      In  the  test  area,    20  plots 
were  located  along  five  east-west  lines,    which  were  about  180  yards  apart.     In 
the  check  area,    10  plots  were  equally  divided  between  two  north-south  lines 
about  150  yards  apart.      In  both  areas,    plots  were  located  at  150-  to  160-yard 
intervals  along  lines. 


Fi^rc  2.— Sample  tree  al  plot  used  to 

evaluate   larval  mortality  from 

spraying  with  B    thuringiensis. 

Note  dense  underbrush. 
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Figure  3. --Ground  tray  used  to  collect 
dead  lar\ac  and  frass  tailing  Irom 
sample  trees. 


The  pattern  of  larval  mortality  caused 
by  Baailtus  was  determined  by  counting    and 
collecting  dead  larvae  found  at  intervals  in 
ground    trays    and    culturing    these    to   deter- 
mine  presence  or  absence  of  Baailtus.     Each 
ground  tray  was   1  6  x  20  inches   outside,    with 
an  inside  area  of  Z  square  feet.      Two  sides 
of  each  tray  were  painted  with  deer  repellent, 
to  avoid  damage  by  mamimals   (fig.    3).      Trays 
in  the  test  area  were  emptied  the   evening  be- 
fore  spraying,    then  examined  every  2  days 
until  20  days  after  s  praying.      Trays  in  the  check 
area  were  cleaned  the  day  of  test-area  spray- 
ing,   then  examined  7,    13,    and  19  days  later. 

Quantitative  estimates  of  larval  mor- 
tality were   obtained  from  periodic  counts  of 
larvae  on  foliage  samples  collected  with  a 
35-foot  pole-pruner  equipped  with  a  basket 
(fig.    4).      At  each  sampling,    five  18-inch 
branch  tips  were  clipped  from   each  plot 
tree;  the  total  larvae  on  the  15  branch  tips 
from  the  three  trees   represented  the  popu- 
lation estinnate  for  the   plot.      In  the  test  area, 
trees  were   sampled  3  to  4  days  before   spray- 
ing and  4,    7,    10,    13,    16,    and  19  days  after 
spraying.      In  the  check  area,    trees  were 
sampled  2  days  before  test-area  spraying 
and   6,    12,    and  18  days  after  spraying.      The 
total  mortality  at  individual  plots  was  esti- 
mated by  coin  paring  numibers  of  larvae  on 
15  branch  tips  before  test-area  spraying 
and  19  days  after  spraying.      In  the  test  area, 
regression  analysis  was  used  to  determine 
the   significance  of  downward  population 
trends,    as  indicated  by  periodic  counts. 


Figure  4.— Cutting  18-inch  branch  lips  from 
sample  trees  to  estimate  numbers  ol  living 
larvae. 


Results 

Pattern  of  Larval  Mortality 

Numerous  distressed  larvae  were  noticed  on  foliage  samples   4  and   7  days 
after  spraying,    and  the  first  dead  larvae  in  ground  trays  were  found  6  days   after 
spraying.      Mortality  quickly  reached  a  peak  8  days  after  spraying,    with  20  larvae 
found  in  the  trays,    then  decreased  gradually  until  a  sharp  decline   on  the   1  6th  day 
(fig.     5).      Only  94  dead  larvae  were  found  in  the  trays   over  the  20-day  period. 


Figure  5.— Numbers  of  dead  hirsae  I'ound  in 
ground  trays  during  a  20-day  period  alter 
spraying  with   B.   thunngiensis. 
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Number  of  days  after  spraying 

An  additional  47  dead  larvae  were  found  on  branch  tips  removed  by  pole-pruner; 
approximately  equal  numbers  were  found  in  each  of  five  samplings  up  to  the  1  6th 
day  after  spraying.      Dislodgment  of  dead  larvae  was  apparently  a  gradual  process. 

Bacillus  infections  were  found  in  varying  percentages  of  larvae  obtained 
6  to  18  days  after  spraying.      From  the   8th  to  the  12th  day  after  spraying,    around 
70  percent  of  the  dead  larvae  were  infected;  in  collections  on  the  14th  and  1  6th 
days  after  spraying,    around  50  percent  were  infected.      On  the  18th  day  after 
spraying,    one  out  of  five  larvae  found  (20  percent)  was  infected  with   Bacillus  . 
The  decline  in  detectable  Bacillus   infections  after  the  12th  day  was  also  indicated 
by  analysis  of  dead  larvae  found  on  tips  cut  by  pole-pruner.      Of  1  6  larvae  collected 
13  days  after  spraying,    50  percent  were  infected. 

Amount  of  Larval  Mortality 


Numbers  of  larvae  found  on  18-inch  branch  tips  before  spraying  and  at 
intervals  after  spraying  (table  1)  indicated  generally  low  and  variable  mortality 
in  the  treated  area.  Larval  mortality  19  days  after  spraying  ranged  from  0  to 
66  percent  for  the  20  plots,  averaging  30  percent  for  the  area.  Six  plots  showed 
a  range  of  49  to  66  percent  mortality;  seven  plots,  11  to  43  percent  mortality; 
and  seven  plots,  virtually  no  mortality.  Numbers  of  larvae  on  18-inch  branch 
tips  33  days  after  spraying,  about  a  week  before  pupation  commenced,  showed 
few  further  decreases,    except  at  three  plots   (Nos.    2,    19,    20)  where  heavy 


defoliation  had  occurred.  In  the  check  area,  natural  larval  mortalitv  18  days 
after  test-area  spraying  was  about  10  percent,  increasing  to  14  percent  at  33 
days . 


Table  1. — Numbers  of  western  hemlock  looper  larvae  on  fifteen  18-lnch  hemlock  tips 
per  sample  plot  before  and  after  aerial  spraying  with  B.    th/uringiensis . 


Plot  No. 


Days  before  spraying 


9-17 


Days  after,  spraying 


10 


13 


16 


19 


33 


1 

58 

45 

20 

29 

26 

26 

15 

17 

14 

2 

(370)1/ 

370 

356 

259 

205 

241 

146 

187 

115 

3 

27 

20 

17 

20 

24 

18 

13 

14 

23 

4 

(35)1/ 

35 

24 

31 

38 

35 

24 

41 

34 

5 

32 

32 

16 

10 

19 

22 

22 

11 

21 

6 

15 

7 

12 

3 

8 

4 

2 

7 

2 

7 

24 

25 

28 

31 

14 

14 

24 

16 

25 

8 

16 

18 

24 

26 

25 

9 

10 

15 

6 

9 

14 

29 

17 

21 

11 

10 

15 

14 

14 

10 

20 

15 

18 

12 

22 

8 

17 

20 

12 

11 

68 

71 

34 

30 

63 

73 

35 

34 

40 

12 

10 

4 

7 

9 

13 

10 

13 

12 

3 

13 

^2  ,, 

47 

43 

57 

55 

66 

37 

53 

40 

14 

(65)1/ 

65 

95 

96 

106 

89 

73 

44 

50 

15 

50 

49 

62 

51 

67 

61 

50 

28 

22 

16 

25 

18 

10 

15 

13 

6 

10 

16 

6 

17 

23 

30 

16 

16 

21 

10 

22 

15 

19 

18 

16 

22 

16 

12 

12 

19 

12 

17 

10 

19 

94 

104 

91 

119 

80 

122 

88 

103 

49 

20 

197 

135 

114 

164 

105 

113 

111 

131 

55 

Total 

1,201 

1,141 

1,020 

1,011 

927 

956 

739 

795 

560 

—  Figures  for  4  days  before  spraying  inserted,  because  samples  were  not  taken  at  9-17  days. 


Linear  regression  analyses   performed  for  all  plots   showed  that  at  only 
three  plots   (Nos.    1,    2,    and  9)  was  there  significance  (P  =  0.05)  in  the  downward 
slope  of  the  regression  line.      A  regression  analysis  for  the  test  area,    pooling 
all  plots,    failed  to  show  significance.     Sampling  error  accompanying  the  use  of 
the  18-inch  branch  tip  was  considerable  and  probably  obscured  small  reductions 
in  populations.      The   prespray  population  estimate  was   particularly  important 
since  it  tended  to  anchor  one  end  of  the   regression  line.      On  six  plots  the  pre- 
spray count  was   clearly  shown  by  subsequent  sampling  to  be  low;   regression 
analyses  without  the   prespray  counts  showed  the  recalculated  slopes  of  lines 
for  two  of  these   plots  (Nos.    8  and  14)  to  border  on  significance. 


RELATION  OF 
SPRAY  DEPOSIT  AND  DISTRIBUTION  TO  MORTALITY 

Methods 

On  the  day  of  spraying,    samples  were   taken  from   each  5-gallon  drum  to 
determine  the  viable  spore  concentration  of  the  undiluted  Thuricide.      These 
were  processed  by  diluting  the  spore  suspension,    culturing  the  spores,    and 
counting  the    Bacillus    colonies. 

At  each  plot  in  the  treated  area, 
eight   5x7-inch  glass   plates  were  used  to 
collect  spray  deposit,    and  eight  5x7-inch 
cards  of  a  selected  cover  stock  were 
placed  to  record  spray  distribution.      To 
insure  exposure   of  slides  and  cards  to 
falling  spray,    two  small  clearings  were 
made  at  each  plot  under  existing  openings 
in  the  forest  canopy.      Four  plates  and 
four  cards  were   placed  in  an  opening  up- 
hill and  four  of  each  in  an  opening  down- 
hill from  the  access  line  at  each  plot,    on 
surfaces  above  the  ground  such  as   logs 
and  stumps.      After  the  spraying,    plates 
were  transported  in  specially  made  ply- 
wood cases   (fig.    6)  to  Oregon  State  Uni- 
versity,   where  number  of  viable  spores 
was  determined.-'     Cards  were  brought 
immediately  to  our  Portland  headquarters 
and  photographed  under  ultraviolet  light 
to  obtain  a  permanent  record  of  numbers 
and  sizes   of  spray  particles.      An  indica- 
tion of  spray  distribution  in  the  lower 
crown  of  sample  trees  was  obtained  by 
examining  foliage  samples  in  a  darkened 
room  with  a  portable  ultraviolet  lamp. 


Figure  6.— Plywood  case  used  lo  protect 

spray  deposits  while  transporting 

glass  plates  in  the  field. 


The  persistence  of    Bacillus    in  field  deposits  was   analyzed  at  a  field 
laboratory  by  two  methods.     In  one,    leaves  of  salal    (Gaultheria  shallon  Pursh) 
were  collected  daily  for  20  days  following  spraying.      One-inch  squares  were  cut 
fronri  these  leaves   and  washed  with  10  milliliters  of  distilled  water.      After    the 
washing  was  diluted      1  :10,    1  :100,    and  1  :1000,    0.  1   milliliter  of  each  dilution  was 
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—     Contract  arrangement  with  Microbiology  Departnnent,    Oregon  State 

University. 


spread  on  agar.      After  incubation, 
Bacillus  colonies  were  counted  to  esti- 
mate viable  spore  concentrations.      In 
the  second  method,    selected  hemlock 
foliage,    averaging  1.  5  spray  droplets 
per  hemlock  needle,    was  collected, 
first  at  2-day  intervals  and  then  at 
3-day  intervals  for  up  to  24  days  after 
spraying,    and  fed  to  larvae  collected 
from  unsprayed  areas.      Larvae  were 
reared  at  room  temperature  in  glass 
jars   (fig.    7),    and  percent  mortality  was 
recorded  by  number  of  days   after  spray- 
ing that  foliage  was  collected. 


Figure  7.  — Rearing  ol  larvae  in  glass  jars 
on  field-collected  foliage  to  determine 
residual  effects  of  spray  deposits. 


Density  of  spray  particles  found 
on  cards  was  compared  with  larval  mor- 
talities at  the  different  plots.      Density 
was  based  on  number  of  particles  counted 
under  a  microscope  on  a  square  inch  in 
the   center  of  each  spray  card  photo. 

Data  were  examined  for  possible  correlation;  then,    arbitrary  density  categories 

•were  set  up  for  gross  analysis,    as  follows: 


Low,    both  uphill  and  downhill  locations   at  a  plot  averaging  less  than  25 
droplets   per  square  inch. 

Intermediate,  one  location  averaging   50  to  100  and  the  other   37  or  less 
droplets   per  square  inch.      Also,    plots  at  which  both   locations  averaged  25  to  50 
droplets  per  square  inch. 

High,    one  location  averaging  more  than  100  droplets   per  square  inch, 
and  the   other  location  averaging   38  to  88  droplets   per  square  inch. 

Size  of  particles   on  spray  cards  was  also  determined  and  compared  with 
particle  size  computed  for  the  helicopter  spray  emission  systenn.      Particles  on 
the  center  square  inch  of  spray  card  photos  were  measured  through  a  microscope 
with  a  calibrated  eyepiece,    and  a  spread  factor  was  applied—     to  convert  to 
particle  size  at  impact. 
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—     Spread  factor  for  the  batch  of  Thuricide  and  cover  stock  used  was 

determined    by    Bohdan  Maksymiuk,      Pacific    Northwest    Forest    and    Range 

Experim.ent  Station,    Forestry  Sciences   Laboratory,    Corvallis,    Oregon. 


Results 


Analysis  of  Bacillus   Deposit 


Numbers  of  viable  spores   in  the   undiluted  Thuricide  formulation  averaged 
18x10      per  milliliter,    slightly  more  than  half  that  claimed  by  the  manufacturer- - 
30x10      per  milliliter.      Numbers   of  viable  spores  on  glass   plates  exposed  to 
spraying  varied  greatly,    both  within  and  between  plots,    but  appeared  to  be  gen- 
erally low.      Average  counts  for  individual  plots   ranged  from   545  to  290,  000 
viable  spores   per  35  square  inches   of  plate;  13  plots  were  in  the   range   of  2,000 
to  7,  500  viable  spores   per  plate,    or   57  to  214  spores   per  square  inch. 

Deposits  on  salal  leaves   (fig.    8)  showed  very  little  loss  in  viable   spore 
count  during  the  first  4  days  after  spraying,    even  though  a  soaking   rain  occurred 
on  the  3d  day  after  spraying.     Some  decrease  in  spore  count  occurred  at  the  end 
of  6  days,    but  the  median-sized  droplets  still  contained  more  than  a  lethal  dose. 


Figure  8.  — Spray  deposits 
on  foliage  of  salal. 


After  9  days,    however,    a  sharp  drop  in  spore  count  was  found,    and  the  average 
droplet  on  most  leaves  no  longer  contained  a  lethal  dose.      Beginning  with  the 
9th  day,    great  variation  was  found  between  individual  samples  but  a  few  leaves 
still  retained  close  to  the  original  spore  count.     After  14  days,    only  an  occa- 
sional leaf  had  droplets   still  containing  lethal  doses.      The  loss  in  spore  count 
appeared  due  to  a  "weathering-off"  of  the  spray  material  and  was  accompanied 
by  a  loss  of  fluorescence  of  the  Calcofluor  in  the  nnaterial. 


Results  from   feeding  sprayed  foliage  to  larvae  from  an  unsprayed  area 
paralleled  the   recovery  of  viable   spore  deposits  from  the  salal  leaves.     How- 
ever,   at  room  temperature,    larvae  fed  rapidly,    compared  with  field  conditions, 


and  readily  contacted  the   Bacillus    deposit.      Mortality  was  high  for  the  first   6 
days--much  higher  than  that  encountered  in  the  field--then  dropped  off  rapidly. 
Results   of  these  tests  were: 


Days  after 

Larvae 

per 

Test 

Larval 

spraying 

test  run 

runs 

mortality 

(Number) 

(Ni 

limb 

er) 

(Number) 

(Percent) 

2 

30 

3 

94 

4 

30 

3 

90 

6 

30 

3 

85 

9 

30 

3 

40 

12 

30 

3 

10 

15 

30 

3 

4 

18 

30 

3 

2 

21 

30 

3 

0 

24 

30 

3 

0 

The  importance  of  temperature  as  a  factor  affecting  larval  nnortality 
through  rate  of  feeding  was  clearly  indicated,    thus   confirming  results     by 
Smirnoff  (1963), 

Relation   Between  Spray  Distribution  and  Larval  Mortality 

Particle  density,    as   recorded  on  deposit  cards,    appeared  generally  good, 
according  to  standards   for  use  of  DDT.      Average  number  of  particles    per  square 
inch  was   41;  averages  for  four-card  groups   ranged  from  4  to  134  per  square 
inch.      All  cards   received  s  omie  spray.     However,    distribution  of  spray  particles 
on  lower  branches  was   actually  quite  poor,    ranging  from  one  droplet  per   6  to  7 
needles  at  a  plot  showing  a  significant  larval  reduction  to  one  droplet  per   500  to 
1,  000  needles  at  plots   with  no  significant  reduction.      Examples   of  particle  den- 
sity on  deposit  cards   (fig.    9)  and  on  foliage  (fig.    10)  are  shown  for  plot  2,    where 
significant  larval  reductions  occurred. 


Figure  9.— Spray  deposits  on  one-half  of  a 
deposit  card  placed  at  plot  2. 


figure  10.— Spray  deposits  on  branchlets  in 
lower  crown  of  a  tree  at  plot  2. 


Particle  density  on  deposit  cards  and  larval  mortality  at  the  different 
plots  were  not  correlated.      A  sinnilar  finding  was   reported  by  Maksymiuk  (1963) 
in  aerial  spray  tests  for  control  of  spruce  budworm.      Two  of  three   plots   show- 
ing statistically  significant  larval  mortality  were  in  the  interm.ediate  spray 
density  category  and  one  in  the  high  density  category.      Two  plots  at  which  sig- 
nificance was  approached  after  the   prespray  count  was  dropped  were  in  the 
intermediate  category.      In  the  following  tabulation,    the  three  plots  with  signifi- 
cant mortality  are  indicated  by  an  asterisk  (*). 

Larval 
mortalities 


Spray  particle 

Number 

density 

of  plots 

Low 

6 

Intermediate 

11 

0,  0, 0,  11,  30,  66 

0,  0,  0,  17,  23,  32,  36, 
43,  49*.  52^*,  52 


High  3  0,  50,  62* 


Size  of  spray  particles   on  deposit  cards  averaged  around  285  microns, 
ranging  from    50  to  1 ,  035  microns,    after  a  computed  spread  factor  of  2.  03  was 
applied.      Average  particle  size  was  thus   about  100  microns  greater  than  that 
calculated  for  the   spray  system.      It  is   likely  that  the   smaller  particles  were 
lost  through  drift  and  evaporation  and,    also,    that  some  of  the  larger  particles 
absorbed  water  while  falling  through  the  humid  atmosphere.      Peculiarities  in 
the  behavior  of  water-based  sprays,    when  applied  from   the  air,    have  been 
described  by  Fettes   (1958). 

Because  of  their  size,    most  spray  particles   probably  represented  more 
than  a  lethal  dose.      It  is   reasoned  that  density  of  spray  particles  on  the  foliage 
in  this  test  was  far  more  inaportant  than  number  of  viable  spores   deposited. 
Although  spray  distribution  as   recorded  on  cards  appeared  good,    coverage  of 
the  lower   crown  was  insufficient  to  cause  substantial  larval  mortality. 

TESTING  FRASS  DROP  FOR  ASSESSING  MORTALITY 

Methods 

The  frass-drop  miethod  was  found  effective  by  Morris   (1949)  in  studying 
the  larval  population  and  ecology  of  the  European  spruce  sawfly.      Its  use  for 
estimating  populations  is  based  on  determining:     (1)  the  amount  of  frass  falling 
on  a  tray  during  a  known  period  of  time  and   (2)  the  amount  of  frass   produced  by 
an  average  larva  during  the   sanne  period  of  time.      Frass   production  by  an  indi- 
vidual larva  (termed  "frass   yield"  by  Morris)  varies  with  its   size  (larval  instar) 
and  with  environmental  conditions.      Amount  of  frass  is   usually  expressed  by 
either  volume  or  weight.      The  nnethod  is   promising,    but  needs  further  field 
testing  to  prove  its   capabilities  for  estimating  populations  of  specific  defoliators. 
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Frass  drop  was   sampled  at  each  plot  by  three  ground  trays,    the   same 
ones   used  for  collecting  dead  larvae.      In  the  treated  area,    cumulations  were 
removed  from  the  trays  4,    8,    12,    16,    and  20  days  after  spraying  and  in  the 
check  area,    7,    13,    and  19  days.      Frass   production  for  the  first  period  in  the 
check  area  was  adjusted  to  a  6-day  base.      Contents   of  each  tray  were  kept 
separate,    by  collecting  date,    in  snnall  cardboard  boxes  with  hinged  lids.     After 
ovendrying,    debris  was   removed  and  frass  weighed.      Frass   production  for  a 
plot  was  the  sum  of  the  ovendry  weights,    in  grams,    of  frass  from  the  three 
trays.      The  selection  of  weight  in  preference  to  volume  as  a  measurement  unit 
was   purely  arbitrary. 

Larval  mortality  due  to  the  spray  application  was  assessed  in  three  steps. 
The  first  was  a  comparison  of  trends  in  frass   production  between  treated  and 
check  areas,    with  the   trend  in  the   check  area  assumed  to  be  normal.      The  second 
was  analysis   of  rate  of  frass   production  in  the  treated  area  by  4-day  periods  to 
determine  whether  the  effect  of  the  Bacillus   was    recognizable    and    when   it 
occurred.      Analysis   required  calculation  of  theoretical  frass   production,      as 
though  no  mortality  had  occurred,    starting  with  the  fifth  period  when  the  Bacillus 
deposit  was  no  longer  viable  and  working  back  to  the  first  period.      Proportion 
of  larvae  in  instars  III,    IV,    and  V  was   used  to  calculate  a  frass   production  index 
for  each  4-day  period.      The  small  proportion  of  larvae  in  instar  II  was  ignored. 
Weighting  factors  of  1 ,    3,    and  9  were  used  for  instars  III,    IV,    and  V,    respective- 
ly,   since  frass  yield  in  grams  over  unit  periods   of  time  approximately  tripled 
between  instars  III  and  IV,    and  IV  and  V.—       The  frass   production  index  was  thus 
the  sum  of  n^j^  x  1   +  nj-^    x  3  +  ny   x  9,    with  n  being  the  percent  of  larvae  in  a 
designated  instar.      A  conversion  factor  between  the  frass   production  index  and 
actual  frass   production  was  determined  for  the  fifth  4-day  period  and  applied  to 
the  preceding  4-day  periods  to  obtain  hypothetical  frass   production.      Large  dif- 
ferences between  actual  and  hypothetical  frass   production  for  specific   periods 
were  to  be  considered  real. 

The  third  procedure  was  to  identify  individual  plots,    at  which  little  increase 
in  frass   production  occurred,    by  examining  frass   production  in  4-day  periods. 
These  plots  were  compared  with  those  identified  by  foliage   sampling  as  showing 
significant  reductions  in  larval  numbe  rs . 

Results 

Trends  in  frass  production  were  strikingly  different  between  check  and 
treated  areas.  Frass  production  in  the  check  area  increased  slowly  during  an 
18-day  period.      In  contrast,    production  in  the  treated  area,    starting  at  a  similar 
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level  to  that  in  the  check  area,    increased  sharply  5  to  8  days  after  spraying, 
with  steady  increases  thereafter.      Trend  lines   are  shown  in  figure   11,   with  frass 
production  in  the  check  area  doubled  to  put  it  on  a  20-plot  basis. 
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Figure  11.  — Relative  trends  in  frass  produetion  in  check  and  treated  areas 
during  a  20-day  period  after  spraying  with  B.   thunngiensis. 


Analysis  by  the  frass    production  index  method,    however,    showed  that 
the  strong  increase  in  frass   production  in  the  treated  area,    5  to  8  days  after 
spraying  ,    was  more  apparent  than  real.     Actually,    frass   production  1   to  4  days 
after  spraying  was  found  to  be  abnormally  low.      Comparison  of  actual  and  theo- 
retical frass  weights  (table  2)  showed  only  small  differences  for  the  other  4-day 
periods.      The  initially  low  frass  production  undoubtedly  reflected  sublethal  as 
well  as  lethal  effects  of  the  Thuricide;  otherwise,    the  apparent  increase  in  frass 
production  at   5  to  8  days  would  have  been  small.     Some  evidence  that  the  size  of 
this  increase  was  inversely  related  to  spraying  effectiveness  was  found  by  exami- 
ning   individual  plot  data.      At  7  plots,    shown  by  foliage  sampling  to  have  little 
or  no  larval  mortality,    increase  in  frass   production  at  5  to  8  days  was  40  per- 
cent; at  1  3  plots   showing  some  mortality,    the  increase  was   90  percent. 

Four  plots  were  identified  as   showing  little  or  no  increase  in  frass  pro- 
duction  5  to  8  days  after  spraying  and  only  small  subsequent  increases.       All  of 
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Table  2. — Proportions  of  instars  and  comparison  of  theoretical  and  actual  frass  amounts 
produced  during  a  20-day  period  after  sprayins  with  B,    thurinq-Jensis . 


Days  after 
spraying 


Percent  of  larvae  in  instar 


II 


III 


IV 


Frass 

production 

index 


Conversion 
factor 


Frass  production 


Theoretical 


Actual 


0 

5 

65 

29 

1 

161 

0.102 

-      -   ura 

ma 

1-4 

16.4 

11.7 

5-8 

0 

5 

49 

45 

1 

193 

.102 

19.7 

20.9 

9-12 

0 

3 

46 

47 

4 

223 

.102 

22.7 

24.7 

13  -  16 

0 

2 

35 

58 

5 

254 

.102 

25.9 

29.6 

17  -  20 

0 

1 

25 

61 

13 

325 

.102 

33.1 

33.1 

these  were  designated  by  foliage   sampling  as   showing  some  larval  mortality. 
The  sequence  of  frass   production  for  these  four  plots  is  shown  below: 


Plot 
No. 

8 

9 

17 

18 


0-4 


0.  20 
.  50 
.  52 
.  42 


Days  after  spraying 


5-8 


9-12 


13-16        17-20 


(Grams) 

0.28  0.23  0.33 

.34  .46  .78 

.54  1.09  1.00 


34 


72 


.74 


0.  38 
.  91 

1.  20 
.  80 


Plot  9  was   also  identified  by  foliage  sampling  as   showing  a  significant 
reduction  in  larval  numbers;  at  plot  8,    the  downward  trend  showed  borderline 
significance  after  the  prespray  count  was  dropped.      Thus,    results   of  the  frass- 
drop  method  are  confirmed  for  two  of  the  four  plots.      However,    the  method 
failed  to  identify  two  other  plots  at  which  significant  downward  trends  were 
shown  by  the  foliage-sampling  method. 
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INDIRECT  EFFECTS  OF  SPRAYING 

Methods 

Collections  of  larvae  for  analysis  of  development  were  obtained  at  inter- 
vals during  the  test  period  when  plot  trees  were   sampled  by  pole-pruner.    Larvae 
were  preserved  in  alcohol  and  later  identified  as  to  instar  by  body  nnarkings   and 
head  width.     Standards  for  recognition  of  instars  were  developed  the  previous 
year .— 

Effects  of  the  Thuricide  spraying  on  rate  of  larval  development   were 
deduced  by  comparing  larval  development  on  similar  dates  between  the  test  and 
check  areas.      In  the  test  area,    the  proportion  of  larvae  in  the  different  instars 
on  a  given  date  was   based  on  half  of  the   plots  along  four  access  lines   and  all 
plots  on  a  fifth  line  where  populations  were   low.      Up  to  50  larvae  per   plot  were 
examined  for  each  collecting  date.        Development  between  lines  was  compared, 
then  an  average  for  the  area  obtained.      In  the  check  area,    all  larvae  obtained  on 
a  given  date  were  examined  for  instar,    since   populations  were  lower  than  those 
in  the  test  area  and  half  as  many  plots  were   used. 

Findings  fromi   analysis   of  frass   production  were  also  considered  in  the 
interpretation  of  effects   on  rate  of  larval  development. 

Collections   of  looper  larvae  to  record  incidence  of  insect  parasites  and 
disease  were  made  10  and  40  days  after  spraying  in  both  the  treated  and  check 
areas  and  were  reared  in  the  laboratory.      Larvae  were  mostly  obtained  by  pole- 
pruning  sample  trees,    but  some  were  hand  collected  from   lower  branches.      In 
addition,    a  collection  of  pupae  was  miade  in  October  from  selected  plots  in  the 
test  area  by  beating  lower  branches  and  small  trees.      In  the  following  year,    a 
collection  of  larvae,    timed  according  to  the   second  collection  in  1963,    and  a 
collection  of  pupae  were  made  in  the  test  area. 

Possible  beneficial  effects  of  the  spraying  were  assessed  by  (1)  compar- 
ing insect  parasitism  and  disease  activity  between  treated  and  check  areas   and 
(2)  comparing  insect  parasitism  and  disease  activity  between  1963  and   1964  in 
the  treated  area.      Possible  adverse  effects  of  Bacillus    toxins  on  dipterous 
parasites,    through  infection  of  the  looper  host,    were   explored  during  rearing  of 
collections  by  observing  success   of  pupation  of  parasite  miaggots  and  emergence 
of  adult  flies.      Of  two  principal  fly  parasites,    one   overwintered  as  a  puparium 
and  the  other  as  a  maggot.      Techniques  for  successfully  overwintering  these 
parasites  had  previously  been  developed  to  ensure  a  sound  basis  for  detecting 
abnormal  pupation  and  emergence  patterns.      Pupation  and  emergence  patterns 
of  hymenopterous  parasites   reared  were  also  observed,    although  toxins   produced 
by  the    Baoillus    are   presumed  to  have  little  or  no  effect  on  these  insects. 
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Results 


Effects   on  Larval  Development 


Retardation  of  larval  feeding  for  4  days  after  spraying,    shown  by  frass. 
drop  studies,    affected  larval   development  for  this   short  period.      Subsequent 
development  in  the  treated  area  appeared  normal  and  slightly  accelerated. 
Although  development  in  the  check  area  was  ahead  of  that  in  the  treated  area 
prior  to  spraying,    development  in  the  two  areas  on  August  20-21   was   alnnost 
identical.      On  August  29,    when  the  second  collection  for   parasites  was  made, 
pupation  was  just  commencing  in  both  areas.      Table  3  compares  development 
in  the  two  areas. 


Table    3. — Proportions    of   instars   by   date.    In   check   and   treated   areas 


Area  and   collection   date 


Percent   of   larvae    in   instar 


II 


III 


IV 


Check   area: 

July    17 
July   25 
July   31 
August   6 
August    20 

Treated   area: 

July   15-16 
July   26 
August    1 
August    7 
August    21 


16 
4 
1 
0 
0 


24 
5 
2 
1 
0 


67 

16 

37 

55 

28 

64 

6 

54 

7 

24 

69 

7 

49 

45 

44 

50 

25 

61 

9 

25 

0 
3 

7 
40 
69 


0 

1 

4 

13 

66 


Effects  on  Insect  Parasites  and  Disease 

There  was  no  evidence  that  the  Thuricide  spraying  affected  the  abundance 
of  insect  parasites  and  disease,    either  the  year  of  spraying  or  the  following  year. 

During  the  year  of  spraying,    apparent  mortalities  inflicted  by  parasites 
and  disease  were  higher  in  the  check  area  than  the  treated  area,    but  levels  of 
parasite  and  disease  activity  were  not  determined  the  year  before  spraying. 
The  same  species  of  insect  parasites  were  recorded  in  both  areas.      Polyhedrosis 
virus,    an  important  control  agent  of  the  western  hemlock  looper,    was  absent 
from  the  treated  area  but  common  in  the  check  area.      Death  from  unknown  causes 
was  high  during  rearing  of  larvae  from  both  the  treated  area  and  the  check  area 
and  in  both  early  cind  late  larval  collections. 
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Comparison  of  parasite   and  disease  incidence  between  1963  and  1964  in 
the  treated  area  showed  no  consistent  changes.      In  1964,    parasitization  of  large 
larvae  increased  somewhat;  parasitization  of  pupae  decreased.      Identifiable 
disease,    none  of  it  polyhedrosis  virus,    strongly  increased,    and  death  from  un- 
known causes  decreased.      The  total  effect  of  identifiable  disease  and  unexplained 
mortality  changed  fromi  42  percent  in  1963  to  55  percent  in  1964.      Data  on  inci- 
dence of  parasites   and  disease  are  shown  in  table  4. 


Table  4. — Summary  of  mortality  caused  by  blotic  control  agents  on  western  hemlock  looper 

in  treated  and  check  areas.  1963-64 


Year 

Stage 
collected 

Treated  area 

Check  area 

Loopers 
reared 

Insect 
parasites 

Insect 
disease 

Insect 
predation 

Unknown 
causes 

Loopers 
reared 

Insect 
parasites 

Insect 
disease 

Unknown 
causes 

1963 

Larvae!.' 

Number 
162 

8 

0 

Percent 

— 

31 

Number 
138 

13 

—  Percent  — 
0 

41 

Larvae^' 

277 

11 

0 

~ 

42 

136 

47 

5 

26 

Pupae 

240 

27 

1 

16 

- 

~ 

~ 

— 

— 

1964 

Larvae^' 

180 

19 

11 

43 

-- 

12 

- 

- 

- 

- 

Pupae 

92 

14 

2 

13 

— 

~ 

~ 

— 

— 

1/ 

Larvae  in  instars  III  and  IV,  collected  10  days  after  spraying. 

2./ 

Larvae  in  instar  V,  and  pupation  commencing. 

—  Consisted  of  pathogenic  fungus  disease  and  secondary  bacterial  infection. 


No  evidence  was  found  of  indirect  effects   of  the  spraying  on  tachinid  flies 
from  a  toxin  produced  by  the  Bacillus.        Maggots  of  Chaetophlepsis  -nasellensis 
Rein.,    mostly  from  the  collection  10  days  after  spraying,    pupated  readily.      After 
puparia  were  overwintered,    adults  emerged  from   1  3  of    14  nonparasitized  puparia. 
Maggots  of   Omotoma     sp.  ,    obtained  chiefly  from  the  collection  40  days  after  spray- 
ing,   overwintered  successfully  in  pulverized  duff,    and  all  formed  puparia;  70 
percent   produced  adults.      On  the  other  hand,    cocoons  of  a  hymenopterous   para- 
site, Apanteles    sp.  ,    produced  very  few  adults.      Because  of  the  small  numbers 
involved,    no  difference  between  treated  and  check  areas  was  evident. 

In  short,    none  of  the  results   provided  any  clues  as  to  possible  side  effects 
of  the   Bacillus    on  insect  parasites   and  disease  under  forest  conditions. 
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TRENDS  1  AND  2  YEARS  AFTER  SPRAYING 

Methods 

After  the  1963  spraying,    trend  in  looper   populations  and  the  course  of 
tree  damage  in  the  test  area  were  followed  for  2  years.      Tree  recovery  in    re- 
lation to  residual  looper   populations  was   of  particular  interest.      Tree  reaction 
to  heavy  defoliation  is   sometimes  delayed;  Kinghorn  (1954)  documented  occur- 
rence of  tree  mortality  up  to  4  years   after  the  collapse  of  an  outbreak. 


Population  trend  for  the  period  1963-64  was  determined  by  sampling 
larvae  in  1964  at  the  peak  of  the   second,    fourth,    and  fifth  instars  and  comparing 
estimates   with  those  obtained  for  the  same  developmental  periods  in  1963. 
Foliage-sampling  techniques   were  the  same  for  both  years.      However,    after  the 
first  sampling  in  1964,    number  of  plots  was   reduced  from  20  to  15.      Three   plots 
were  dropped  because  populations  had  been  very  low  since   1963  and  two,    because 
plot  trees   were   logged.     Sampling  effort  in    1965  was   guided  by  observations  on 
the  effect  of  weather  on  flight  and  mating  in  the  fall  of  1964.      As  a  result,    sam- 
pling of  larvae  was   restricted  to  the   peak  of  the  fifth  instar  and  intensity    of 
sampling  increased.      By  clipping  and  examining  18-inch  branch  tips  from  lower 
limbs  for   30  minutes  at  each  of  1  5  plots,    two  men  sampled  twice  as  many  branch 
tips   as   in  1963  and  1964  when  samples  were  taken  higher  on  the  tree. 


As  a  check  on  population  trends  of  larvae,    pupae  were  sampled  each  of 
the  3  years  on  a  time  basis.      At  selected  plots,    small  trees   and  lower  branches 
of  large  trees  were  cut  and  beaten  over  a  nnat,    and  the  dislodged  sound    pupae 
were  counted.      This  method  was   used  because  foliage-sampling  techniques  are 
not  applicable;  larvae  leave  the  foliage  and   pupate  in  a  variety  of  places. 


Initial    tree    damage    in  the  test  area  was  determined  in  late    September 
1963  by  examining  all  plot  trees  with  field  glasses.      Further  examinations  were 
made    in    February    and   June    19  64    and    May   and    October    1965.       During    each 
examination,    percent  defoliation  of  each  third  of  the  crown  was  estimated,    and 
condition  of  the  top,    whether  dead  or  alive,    was  noted.      Individual  tree   records 
were  used  to  assess  degree  of  recovery  from  initial  damage. 


The  relationship  between  number  of  larvae  surviving  the  spraying  and 
percent  defoliation  recorded  in  1963  was  tested  by  statistical  correlation,    using 
individual  plot  trees.      Numbers   of  larvae  16  and  19  days  after  spraying  were 
averaged  and  expressed  on   the   basis  of  ten  18-inch  branch  tips.      Separate  cor- 
relations were  atten-ipted  for  each  of  the  crown  thirds  and  for  an  average   of  low 
and  middle  crown  thirds. 
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Results 

Population   Trends 

Larval  populations  were  considerably  lower  in   1964.      Greatest   reductions 
were  at  plots  having  high  populations  and  showing  heavy  defoliation  in  1963.      In 
contrast  with  1963,    no  change  in  larval  populations  was  found  up  to  the  fourth 
instar.      It  is   significant  that  in  1963  the   peak  of  the  fourth  instar  was   19  days 
after  the  Thuricide  spraying.      Population  estimates  for  similar  developmental 
periods  for  the  2  years  were  as  follows: 


Average  number  of  larvae  per   15  branch  tips 


Instar 

Instar 

Instar 

II 

IV 

V 

1963 

60 

40 

28 

1964 

22 

22 

17 

Larval  populations  were  further  decreased  in  1965.      Weather  during  the 
fall  of  1964  was   generally  unfavorable  for  flight  and  mating,    with  daily  maximum 
temperatures  of  55°   F.    for  much  of  this   period.      Intensive  sampling  in  1965  at 
the  peak  of  the  fifth  instar  yielded  only  70  larvae,    collected  in  1  5  inan-hours   at 
1  5  plots . 

Trends  determined  from  sampling  pupae  were  similar  to  those  found  for 
larvae  and  more  definitive.  As  shown  below,  the  population  reached  a  very  low 
level  by  fall  1965. 


1963 
19  64 
1965  20 


Pupae 

M 

an-hours  in 

Pupae  per 

found 

collecting 

man-hour 

(Number) 

(Number) 

(Number) 

161 

9 

18 

234 

19 

12 

19 


Tree  Damage 

Examination  of  plot  trees  in  fall  of  1963  showed  that   5  of  the   60  trees  had 
suffered  serious  damage,    with  90  percent  or  more  of  their  foliage   removed. 
One  of  these  trees  died  in  fall  of  1963;  three  other  trees  had  extensive  top 
damage.      In  June   1964,    foliage   remaining  on  heavily  defoliated  trees  was  alrnost 
entirely  1963  needle  growth.      These  trees  showed  progressive  refoliation  and 
no  further  mortality  occurred.      Two  of  three  trees   showing  serious  top  damage 
recovered  in  2  years;  the  other  survived  even  though  the  top  was  killed.      One  of 
the  plot  trees   showing  light  defoliation  succumbed  to  bear  damage  in  spring  of 
1964. 

Tree   recovery  was   abetted  by  the   reduced  looper   population  level  in  1964; 
feeding  was   scarcely  visible.      For  all  practical  purposes,    no  additional  damage 
occurred  in  1964  or   1965. 

Tree  damage  was   correlated  with  number   of  larvae  surviving  the  Thuri- 
cide  application.      The   best  relationship  was   obtained  when  damage  was   expressed 
by  an  average  of  percent  defoliations  recorded  for  low  and  middle  thirds  of  the 
crown.      A  probit  transfer   (probit  =  0.  44  +  2.  5  log  N)   produced  the   curve   shown 
in  figure   1  2. 
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Number    of    larvae  per  ten  18 -inch  branch  tips 


r 

120 


180 


Figure  12.--Rf'lalionsliip  hotweeii  number  ol  larvae  in  fourtli  instar  and  percent 
defohalion  ol  codoniinant  western  hemlock  trees. 
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DISCUSSION  AND  CONCLUSIONS 


The   field  test,    conducted  under  rigorous  operational  conditions,    resulted 
in  insufficient  kill  of  the  hemlock  looper  to  achieve  economic  control.      The  failure 
was   related  to  limited  persistence  of  lethal  doses   of  the    Bacillus  ,    inadequate 
spray  distribution  within  the   tree  crowns,    and  the  slow  feeding   rate  of  the   looper. 
Also  pertinent  is  the  fact  that  larvae  in  the   last  three  instars  feed  on  all  ages  of 
foliage  in  an  erratic  pattern  of  feeding  and  wandering. 

Lethal  doses  of  the  Bacillus    persisted  about  9  days,    a  short  period  for  a 
material  acting  only  as  a  stomach  poison.      Looper  larvae  are  widely  distributed 
throughout  the  tree  crown  and,    since  spray  particles  were   sparsely  distributed 
within  the  large   lower  crown  areas,    substantial  mortality  could  result  only  from 
rapid  and  systematic  consumption  of  foliage.      However,    larvae  fed  slowly  under 
the  cool  temperatures    prevailing  during  the   20-day  period  after  spraying  and 
thus  had  limited  opportunity  to  encounter  lethal  doses   of  the    Bacillus-.      An  in- 
creased rate  of  feeding  in  the  next  20  days,    associated  with  attainment  of  the 
fifth  instar,    took  place  after  the  Bacillus    effect  was  ended,    and  several  trees 
were  heavily  defoliated  without  any  significant   larval  mortality  occurring. 

The  influence  of  temperature  on  the  rate  of  feeding  was   shown  by  the 
relatively  high  mortalities  resulting  from  laboratory  tests   using  foliage  from 
the  treated  area.      No  evidence  of  rejection  of  foliage  was  found  in  these  tests. 
It  is  conceivable  that  a  repellent  effect  may  exist  but  is  overcome  by  the  feeding 
stimulus   of  higher  temperatures. 

Increased  persistence  of  the    Bacillus    deposit  is  needed  to  increase   con- 
trol effectiveness,    and  it  is   possible  that  new  formulations  of  Thuricide,    now 
appearing  on  the  market,    will  anSNver  this  need.      Thorough  spray  distribution, 
particularly  penetration  into  the   lower  crowns   of  hemlock  trees,    is  also  required 
for  improved  control.      Unless  both  persistence  of  deposits   and  spray  distribution 
are  improved,    increasing  the   rate  of  application  would  have  only  minor  value 
in  increasing  control  effect.      We  know  that  larvae  must  ingest  the    Bacillus    to 
be  killed;  therefore,    the   characteristics   of  the  material  and  its  distribution  must 
be   superior  to  that   of  a  contact  insecticide  in  order  to  be  equally  effective. 

Although  the  concentration  of  viable  spores   in  the  material  used  in  the 
1963  tests  was  lower  than  the  manufacturer's  tests   indicated,    this  factor  probably 
had  little  effect  on  the   results   of  the  tests.      A  certain  minimum   concentration  is, 
of  course,    needed.      Field  experiments  to  control  the   spiny  bollworm  on  cotton 
showed  that  higher  dosages  of  the   Bacillus  did  not  produce  higher  protection  of 
the  plant  (Al-Azawi  1964).     However,    high  spore  concentrations  of  a  preparation 
permit  greater  dilution  with  water  and  an  opportunity  to  reduce  costs   of  operations. 
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Further  laboratory  tests  are  needed  to  evaluate  the  susceptibility  of  the 
western  hemlock  looper  to    B.    thuringiensis   in  terms  of  minimum  effective  dosage. 
In  addition,    as   pointed  out  by  Klein  and   Lewis   (1966),    certain  factors  connected 
with  the  micro-organism  itself  need  to  be  explored  in  the  laboratory.      These  in- 
clude toxic  components   and  their  effects  alone  and  combined,    development  and 
evaluation  of  selected  strains,    determination  of  LD50  and  LD95,    and  effects   of 
commercial  additives   on  the  biological  effectiveness  of    various  toxic  components. 
Morris   (1963)  had  previously  suggested  that  the   concentration  of  toxic  material 
in  commercially  prepared  B.    thuringiensis  might  vary  with  nnethods  of  propaga- 
tion,   recovery,    and  formulation,    even  with  identical  bacterial  strains. 

A  combination  of  sophisticated  laboratory  and  field  tests  with  an  improved 
formulation  of  the   Bacillus  is  needed  to  evaluate  its  usefulness  in  control  for  a 
variety  of  forest  defoliators.      Successful  use  may  be  limited  by  climate  or 
weather  conditions,    crown  characteristics  of  infested  trees,    and  habits   of  the 
insect  to  be  controlled.      Results  from  testing  B,    thuringiensis  in  the  Northeast 
for  control  of  gypsy  moth  (Doane  and  Hitchcock  1964,    Lewis   and  Connola  1966) 
and  spruce  budworm   (Klein  and  Lewis   1966)  show  promise  for  effective  control 
under  those  conditions.     However,    under  other  conditions,    control  nnay  be  diffi- 
cult to  achieve  by  use  of  the  Bacillus   alone. 

As  with  all  control  applications,    improved  sampling  techniques   are  needed 
to  evaluate  control  results  accurately.     Hemlock  looper  populations   are  particu- 
larly difficult  to  sample  because  of  the  habits  of  the  insect  and  the  typical  occur- 
rence of  outbreaks   in  stands   80  years  of  age  or  older.      To  lessen  variation  in 
larval  population  estimates  based  on  foliage  sampling,    more  study  of  sampling 
units   is  needed.      Use  of  frass   production  as  a  guide  to  larval  mortality  appears 
to  have  limited  possibilities,    because   of  temporary  depression   of  the  feeding 
rate  immediately  after  the  Thuricide  application  due  in  part  to  sublethal  effects. 
Measurement  of  pupal    populations    as  a  measure  of  control  effectiveness     is 
difficult  because  larvae  leave  the  foliage  and  pupate  in  a  great  variety  of  sites, 
both  in  the  overstory  and  understory.      Measurement  of  egg  populations  would  be 
unrealistic,    because  unfavorable  weather  conditions  at  the  time  of  moth  flight 
often  cause  large  population  reductions. 

Innprovement  in  direct  methods   of  larval  sampling  therefore  offers  the 
greatest  promise  of  accurately  recording  mortality  resulting  from   Thuricide 
applications . 
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SUMMARY 

Field-testing  of  Bacillus  thuvingiensia  Berliner  against  the  western 
hemlock  looper  was  conducted  under  operational  conditions  in  a  60-  to  100- 
year-old  hemlock  stand  in  southwest  Washington.     Application  by  helicopter 
at  a  rate  of  1   gallon  of  a  commercial  preparation  (Thuricide  90-T)  plus  1 
gallon  of  water  per  acre  resulted  in  some  significant  kill  of  the  looper,  but 
less  than  is  needed  for  economic  control.     Under  typical  coastal  weather 
conditions,    lethal  doses  of  the    Bacillus    remained  on  foliage  for  about  9 
days,    too  short  a  period  to  obtain  substantial  looper  mortality.     Spray  dis- 
tribution,   as  recorded  on  spray  cards,    appeared  good,    but  coverage  of 
branches  in  lower  crowns  was  poor.     With  the  generally  low  control  obtain- 
ed,   foliage  sampling   ntiethods    were  inadequate  to  measure   most    population 
reductions  with  accuracy.     Amounts  of  frass  collected  under    sample   trees 
indicated  a  temporary  reduction  in  feeding  activity  during  the  first  4  days 
after  spraying,   but  they  were  of  limited  value  in  demonstrating  mortality 
due  to  spraying.     Improvement   of  foliage    sampling  methods  offers    the 
greatest  promise  for  improving  the  assessment  of  larval  mortality.     The 
spray  application  had  no  obvious  effects  on  biotic  control  agents  attacking 
the  looper,    but  nnore  intensive  studies  are  needed.     Number  of   larvae  sur- 
viving the  spraying  was  correlated  with  subsequent  tree  defoliation.     Further 
tests  are  needed  with  an  improved  formulation  and  increased  application 
rate  to  determine  whether  economic  control  of  the  hennlock  looper  is  feasible 
with  this  microbial  insecticide. 
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INTRODUCTION 

This   study  of  skyline  tensions  was  prompted  by  the  need  for  information 
on  the  capabilities  of  multispan  skylines.      As  the   study  progressed,    it  was  found 
that    gaps    existed    in  the  information    available  on  single- span    skylines.      It  was 
also  found,    through  parallel  engineering   studies  on  skyline  logging,    that  single- 
span  skylines  were  destined  to  find  increased  application.      For  that  reason,     it 
was  decided  to  greatly  supplement  the  information  on  single- span  skylines    so 
as  to  facilitate  their  efficient  use  and,    similarly,    to  develop  essential  multispan 
skyline  techniques. 

Several  researchers  have  investigated  skyline  cableways  as  used  in  the 
logging  industry.      Most  previous  applications   required  tedious  and  complex 

mathematical  procedures.      W.    A,    Davies—     presented  one  of  the  n^iost  usable 

Z/ 
studies  to  date  by  transforming  the  analytical  work  of  R,    Mills  —     into  tables 

and  graphs  which  could  be   readily  applied  for  solutions  of  single- span  skyline 

problems.      The  loaded  tension  and  deflection  information  in  this    study  is  an 

extension  of  Davies'  work. 

The  mathematics  of  a  catenary  loaded  at  one  point  is  treated  fully  by 
Mills   (footnote  2)  and  is  therefore  omitted  from  this   report.      Unloaded  catenaries 
are  generally  treated  in  most  texts  on  analytical  mechanics  and  are  therefore 
also  omitted. 

The  mathematics  involved  in  deriving  preload  tensions  in  single- span 
skylines  is  an  extension  of  basic  knowledge  on  catenaries  and  stre  ss/ strain 
relationships  of  wire   rope.      The  procedure   shown  for  determining  tensions   in 
multispan  skylines  has  no  direct  mathematical  derivation  since  the  equilibrium 
equations  involved  can  only  be   solved  by  iteration. 


GENERAL  SKYLINE  ENGINEERING 

A  rule  to  keep  in  mind,    when  planning  a  skyline,    is  that  the  capacity  of 
a  skyline  to  support  a  load  generally  increases  with  an  increase  in  deflection, 
or  sag  of  the  line.      A  skyline  with  no  deflection  has  no  load- carrying  ability. 
Actually,    such  a   skyline  cannot  exist  because  its  own  weight  causes   some 
deflection. 


—     Davies,    William  Albert.      Development  of  graphical  and  tabular 

methods  of  determining  tension  in  logging  skylines.      28  pp.  ,    illus.      1946. 

(Unpublished  graduate  thesis  on  file  at  College  of  Forestry,    University  of 

Washington,    Seattle.  ) 

2/ 

—     Mills,    Russell.      Tensions  in  logging  skylines.      Univ.    Wash.    Eng. 

Exp.    Sta.    Bull.    66,    30  pp.,    illus.      1932. 


Skyline  problems  are  approached  in  this   report  by  first  determining  the 
skyline  deflection  that  the  terrain  will  allow  and  then  finding  the  payload  capa- 
bility of  the   skyline  at  this  deflection,    using  the  tables  or  graphs  in  this  report. 

The  problem  of  deterniining  the  allowable   skyline  deflection  is  best 
solved  graphically.      Tools  needed  are  a  drafting  board,    a  length  of  chain,    pins, 
a  weight,    and  rectangular  coordinate  paper  (large  sheets  or  roll).      It  should  be 
remembered  that  accuracy  of  graphical  solutions  gets  better  as  the   size  of  the 
layout  is  increased.      A  beaded  chain,    such  as  used  on   pull-type  light  sockets, 
or  a  fine- link  chain  is  used  to  simulate  the   skyline  catenary.      For  multispan 
problems,    pins   should  be  of  sufficient  diameter  to  allow  the  chain  to  feed  freely 
between  spans.      Tacks,    called  push-pins,    which  have  an  elongated  head,    work 
\vell.      The  hook  and  weight,    which  simulate  the  carriage  and  payload,    can  be 
made  from  a  paper  clip  and  a  rubber  eraser. 

Information  about  the  terrain  is  needed  to  plot  a  profile  of  the   skyline 
road.      Important  factors  are  the   slope  and  the  position  of  obstructions  which 
will  limit  skyline  deflection.      Field  notes,    topographic  maps,  and  stereophoto- 
graphs  are   sources  of  profile  data.      A  good  approach  to  skyline  planning  is  to 
perform  preliminary  design  with  the  data  available  and  then  make  a  field  check 
of  the  logging  area  to  insure  validity  of  the  plan. 

Figure  1    illustrates  the  important  features  of  a  single- span  skyline  or 
an  intermediate   span  of  a  multispan  skyline.      This  figure  is  also  used  to   sup- 
plement the  definitions  of  certain  terms  as  used  in  this   report  which  are  listed 
below: 

1.  Support  spar-- spar  tree,    or  mast,    used  to  support  skyline.      The  end 
supports  are  the  headspar  (at  the  landing)  and  the  tailspar  (at  the 
other  end  of  the   skyline).      Multispan  skylines  have  additional  inter- 
niediate   supports    which  may  be   spars  or  cross  cable   supports. 

2.  Chord-  -  a  straight  line  between  the   skyline   support  points  on  the 
spars  of  a  span. 

3.  Deflection-  -the  vertical  distance  between  the  chord  and  the   skyline. 
At  the  load,    this  is  called  the  loaded  deflection. 

4.  Clearance-  -the  vertical  distance  below  the   skyline  for  the  carriage, 
chokers,    logs,    and  a  desired  ground  clearance. 

For  a  catenary  loaded  at  one  point,    as  is  the  case  for  a  logging  skyline, 
the  maximum  tension  always  occurs  at  the  upper  end  of  a   sloping   span.      For  a 
level  skyline,    the  maximum  tension  occurs  when  the  load  is  at  midspan.      On 
sloping   skylines,    the  position  of  the  load  producing  the  maximum  tension  shifts 
slightly  from  the  center  in  the  direction  of  the  lower  end.      However,    for  slopes 
up  to  120  percent,    the  difference  between  the  tension  produced  when  the  load  is 
at  the  maximum  tension  position  and  that  produced  when  the  load  is  at  midspan 
is  negligible.      Therefore,    to   simplify  the  mathematics,    tension  and  deflection 
information  presented  in  this   report  is  based  on  a  midspan  load. 


SUPPORT  SPAR 


CHORD 
CONTROL  LINE 


LOADED  DEFLECTION 
CLEARANCE 


SKYLINE 


HORIZONTAL  DISTANCE  between  supports 


Figure  1. --Typical  span  of  a  logging  skyline. 


When  the  load  is  moving  along  a  skyline,    it  is  controlled  by  main  and 
haulback  lines  or  a  snubbing  line  attached  to  the  carriage.      However,    during 
log  pickup,    some  carriages  clamp  to  the   skyline,    whereas  others  are   snubbed 
by  a  control  line.      The  upper-end  tension  occurring  when  the  load  is  clamped 
to  the  skyline  is  greater  than  that  produced  when  the  load  is   snubbed  by  a  line, 
because  the   snubbing  line   supports  the  tangential  component  of  the  load.      Pro- 
cedures are  given  for  obtaining  tension  due  to  the  load  when  either  a  snubbing 
line  or  a  carriage  which  clamps  to  the  skyline  is  used.      For  the  case  of  a 
clamping  carriage,    the  analysis  was  performed  with  the  assumption  of  a  slack 
snubbing  line.     Skyline  tension  with  a  tight  snubbing  line  cannot  be  presented 
in  a  general  manner  and  is,    therefore,    not  included. 

The   results  contained  in  this   report  were  determined  by  analyzing  the 
mechanics  of  a  skyline  as  a  problem  in  statics,    with  no  consideration  given  to 
the  effect  of  load  accelerations  or  impacts  due  to  hangups.     A  minimum  safety 
factor  of  3  is   recommended  for   skyline  designs  to  account  for  these  effects. 
The  elastic  limit  of  wire   rope  is  approximately  one-half  of  the  breaking   strength, 
which  means  that,    if  the   rope  is  worked  at  a  safety  factor  of  approximately  2 
or  less,    destructive  stretch  will  occur. 


SINGLE-SPAN  SKYLINES 

This   section  presents  a  detailed  procedure  for  determining  capability  of 
single- span  skylines,    followed  by  some   sample  problems  illustrating  the  use  of 
the  worksheet  and  the  tables  and  graphs  contained  in  this   report.      The   sample 
problems  are  not  to  imply  any  recommendation  of  equipment,    span  lengths, 
slopes,    or  other  properties  of  a  skyline.      These  features  are  important  to  the 
engineering  job  but  are  beyond  the   scope  of  this   report  and  are  left  to  the  exper- 
ience of  the  logging  engineer  or  to  other  publications  on  skylines. 

The  procedure,    as  mentioned  previously,    is  divided  into  a  graphical 
determination  of  the  maximum  allowable  loaded  deflection  and  a  mathematical 
determination  of  the  payload  capability.      The  graphical  procedure  explained 
here  was  taken  from  "Forest  Engineering  Handbook"  —     and  has  been  modified 
by  subtracting  clearance  at  the   spar  trees   rather  than  below  the  chain.      When 
this  is  done,    adequate  clearance  is  available  as  long  as  the  chain  at  the  load 
point  reraains  above  the  ground  profile  line.      The  following  graphical  procedure 
is   shov/n  on  figure   2: 

1.  On  rectangular  coordinate  paper  attached  to  a  drawing  board,    select 

a  convenient  scale   (i.  e.  ,    1    inch  =100  feet)  and  draw  profile  of  ground. 

2.  Select  trial  location  for  headspar  and  tailspar.      Draw  vertical  lines 
to  represent  the   spars.      Estimate  the  height  of  skyline   supports  on 
each  spar  tree. 

3.  Determine  minimum  vertical  clearance  between  skyline  and  ground 
for  carriage,    chokers,    logs,    and  ground  clearance.     Subtract  this 
clearance  from  the   support  height  on  the   spar  trees  as   shown  in 
figure   2.      Mark  these  points. 

4.  Draw  a  straight  line   (the  chord)  between  these  points  and  draw  a 
vertical  line  at  the  niidspan  position. 

5.  Place  a  pin  at  each  point  marked  on  the   spars  and  place  a  chain  over 
the  pins.      Position  the  pins   so  that  the  chain  crosses  the   spars  at 
the  marks.      Figure  2  shows  the  method  of  stringing  the  chain.      The 
upper  end  is   secured  on  the  pin  at  the  upper  spar,    and  the  lower  end 
is  attached  to  a  pin  beyond  the  lower  spar.      This  pin  is   secured  in 
any  position  below  the  lower  spar  at  this   stage. 

6.  Place  the  drawing  board  in  a  vertical  position,    and  hook  the  weight 
over  the  chain. 
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—     Pearce,    J.    Kenneth.      Forest  engineering  handbook.     U.S.    Bur.    Land 

Manage.,    Oreg,    State  Off.  ,    220  pp.,    illus.      1961. 
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Figure  2. --Profile  plot  tor  determining  allowable  deflection. 


7.  Change  the  position  of  the  pin  at  the  lov/er  end  of  the  chain  so  that 
the  chain  at  the  weight  just  clears  the  ground  profile. 

8.  Move  the  weight  along  the  chain.      Whenever  the  chain  at  the  weight 
goes  below  the  ground  profile,    adjust  the  lower  pin  so  that  the  chain 
just  clears  the  profile.      Check  entire   span  in  this  manner. 

9.  Move  the  weight  to  the  midspan  position  and  measure  the  vertical 
distance  between  the  chain  and  the  chord,    which  is  the  deflection. 
Obtain  the  percent  allowable  loaded  deflection  by  dividing  the  de- 
flection by  the  horizontal  distance  between  supports  and  multiplying 
by  100. 

The   remainder  of  the  problem  consists  of  computing  payload  capability 
and  unloaded  tension.      The  computation  is  based  on  selecting  a  wire  rope   size 
and,    with  the  allowable  loaded  deflection  and  the  curves  and  tables  contained  in 
this  report,    performing  a  series  of  calculations  which  will   result  in  the  desired 
information.     A  worksheet  (fig.    30)  is  provided  to  keep  the  following   steps  in 
their  proper  order: 


1.    From  the   skyline  profile,    determine: 

a.  the  allowable  loaded  deflection,    which  is  the  loaded 
deflection  at  midspan 

b.  the  horizontal  span  length 

c.  the   slope  of  the  span. 


2.  Select  a  wire  rope   size  and  determine,    from  a  wire  rope  catalog  or 
table   1,    the  weight  per  foot  of  cable  and  the  breaking   strength. 

3.  Select  a  factor  of  safety.      Determine  the   safe  working  load  by  dividing 
the  breaking   strength  by  the  factor  of  safety. 

4.  Determine  the  carriage  weight.      The  data  included  in  these  first  three 
steps   should  be  entered  on  the  worksheet  under  "GIVEN,  " 

5.  Enter  the  safe  working  load  in  kips   (1   kip  =   1,  000  pounds)  on  the 
worksheet. 

6.  Determine  the  upper-end  tension  due  to  cable  weight.      This  is  done  by 
first  consulting    figure   11   or  table  2.      Figure  11   is  a  plot  of  some  of 
the  information  in  table   2,    and  the   reader  will  find  that  a  higher  degree 

of  accuracy  can  be  obtained  from  table   2,      The   slope  and  deflection 

4/ 
are  used  to  determine  the  tension  in  kips  per  station—'    per  pound  of 

cable  weight  per  foot.      This  value  is  converted  to  tension  in  kips  by 

multiplying  by  the  number  of  stations  and  the  cable  weight  per  foot 

as  indicated  by  the  worksheet.      This  tension  is   subtracted  from  the 

safe  working  load  to  determine  the   remaining  tension  capability  of 

the  cable. 

7.  Gross  load  capability  is  determined  by  dividing  the   remaining  tension 
capability  by  the  tension  in  kips  per  kip  of  load.      At  this  point,    it  is 
necessary  to  select  which  load  condition  is  applicable- -figure   12 
(table   3)  for  tension  due  to  load  when  the  loaded  carriage  is  undamped 
and  partially  supported  by  a  snubbing  line  or  figure   13  (table  4)  w^hen 
the  load  is  claniped  to  the   skyline.      The  resulting  gross  load  capa- 
bility is   reduced  by  the  carriage  weight  to  find  the  net  payload  capa- 
bility or  weight  of  logs  that  can  be   safely  suspended. 


If  the  payload  determined  at  this  point  is  not  satisfactory,    the  v/hole 
procedure  must  be  repeated.       A   larger    diameter    wire    rope    may    support    a 
heavier  load  but  will  also  use  up  part  of  its  additional  capability  in  supporting 
its  own  weight.     If  an  improved  plow-steel   rope  was  used  in  calculations  leading 
to  an  insufficient  payload  capability,    a  trial  with  extra- improved^ plow-steel  rope 
will   show  that,    for  a  particular  size   rope,    the  tension  capability  is  increased 
about  1  5  percent.      All  of  this  increased  capability  goes  to  payload  capability 
since  the  weight  of  the   rope   stays  the   same. 

Changes  in  rope  may  still  prove  to  yield  an  unsatisfactory  payload  and, 
if  this  is  the  case,    changes  in  the  profile  must  be  made.      The  first  logical  step 
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—     One   station  equals   100  feet. 


is  to  see  if  more  deflection  is  available  by   shortening  the  logs  and/or  chokers. 
If  this  fails,    the  only  thing  left  to  do  is  to   shorten  the  span  length  by    selecting 
new  positions  for  the  spar  trees  and  proceed  through  the  graphical  and  mathe- 
matical procedures  again. 

When  a  satisfactory  payload  capability  has  been  found,    the  final   step  is 
to  determine  the  tension  required  in  the  unloaded  skyline  to  give  the  allowable 
loaded  deflection  at  the  maximum  payload  previously  determined.      This  is  done 
by  completing  the  worksheet  as  outlined  below: 

1.  Calculate  the  load  factor  by  dividing  the  remaining  cable  tension 
capability  in  kips  by  the  tension  due  to  cable  weight  in  kips  per 
station  and  enter  the  allowable  loaded  deflection  on  the  worksheet. 

2.  Determine  the  change  in  deflection  due  to  removing  the  load  by 
selecting  one  of  the  figures  between  figures  14  and  29.      Each  of 
these  figures  is  for  a  specific  loaded  deflection.      The  figure  is 
used  by  entering  the  horizontal  axis  at  the  load  factor  determined 
above,    going  up  vertically  to  the  proper  span  slope,    and  then  going 
horizontally  across  to  the  change  in  deflection. 

3.  The  unloaded  deflection  is  then  determined  by  subtracting  the  change 
from  the  loaded  deflection. 

4.  Unloaded  tension  at  the  upper  end  is  determined  by  entering  figure  11 
or  table   2  w^ith  the  slope  of  the  span  and  unloaded  deflection.      The 
resulting  tension  in  kips  per  station  per  pound  of  cable  weight  per 
foot  is  then  multiplied  by  the  number  of  stations  and  the  weight  of 
the  cable  per  foot. 

The  unloaded  tension  curves  (figs.  14  to  29)  apply  to  wire  rope  with  a 
modulus  of  elasticity  of  14,  000,  000  p.  s.  i.  Cables  generally  used  for  skyline 
logging  have  approximately  this  elastic  modulus. 

Values  of  unloaded  tension  and  deflection  are  helpful  in  pretensioning 
the  skyline  where   suitable  instrumentation  is  available  to  obtain  these  readings. 
If  the  skyline  is   set  up  with  more  than  the  unloaded  tension  determined  above, 
tensions  occurring  when  the   skyline  is  loaded  to  its  designed  capability  will 
violate  the   safety  factor  and  may  result  in  cable  failure.     It  is  recommended 
that  a  suitable  tension  indicator  be  employed  when  setting  up  a  skyline.     If  it 
is  more  convenient  to  make  measurements  at  the  lower  end  of  the  span,    the 
lower-end  unloaded  tension  can  be  determined  by  subtracting  the  cable  weight 
per  foot  tiines  the  elevation  between  supports  from  the  upper-end  unloaded 
tension. 

Table   5  presents  the   ratio  of  catenary  length  to  the  horizontal   span 
length.      Multiplying  this  ratio  by  the  horizontal  span  length  gives  the  length  of 
the  unloaded  skyline.     In  estimating  the  length  of  wire  rope  required  for  the 
skyline,    allowance  must  be  made  for  the  added  lengths  beyond  the  headspar 
and  tailspar  as  well  as  any  necessary  wraps  at  the  ends. 


Single  Span,    Example  Number  1 

Problem 

A  logger  has  a  quantity  of  1  - 1 /2-inch-diameter,    extra-improved,    plow- 
steel  wire   rope  and  a  nonclamping  carriage  weighing  5,  000  pounds.      He  wants 
to  use  this  equipment  on  a  skyline   setting  and  has  data  to  make  a  profile  plot. 
The  problem  is  to  determine  the  payload  capability  of  the   skyline  with  a  safety 
factor  of  3. 

Solution 

A  profile  plot  of  the  cableway  is  drawn,    following  the  instructions  in  the 
text,    from  which  the  information  below  is  obtained: 

Horizontal  distance  between  supports         3,  000  feet 

Elevation  between  supports  2,  100  feet 

Allowable  midspan  deflection  500  feet 

A  worksheet  (fig.    3)  is  used  to  obtain  a  payload  capability  of  30,  100 
pounds  and  an  unloaded  tension  of  23,  200  pounds. 
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DETERMINE  FROM  SKYLINE  PROFILE: 

Skyl 

Unit  No. 

ine  Road  No. 

Allowable  loaded  deflection 

f  b'  1   percent 

Horizontal  span  length  (one  station  =  100  feet) 

•jO     stations 

Slope  of  span 

fO    percent 

GIVEN:               . 

Cable:   Diameter  /  ^  inches          Weight  ^./b  pounds/foot 

Breaking  strength  j?y?0  kips  (1  kip  =  1,000  pounds) 

Factor  of  safety   J                    Safe  working  load 

JZi^kii 

3S 

Skyline  carriage  weight  j^      kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILITY: 

Safe  working  load  (given) 

j^W  kips 

Subtract  tension  due  to  cable  weight  (fig.  11  or  table 

2): 

^./^  •^kips/sta./lb./ft.  X  30    stations  x^./oibs 

/ft. 

-  ;fo.sXips 

Remaining  cable  tension  capability 
DETERMINE  GROSS  LOAD  CAPABILITY: 

^i^ikips 

Remaining  tension  capability  5"5>*  kips 

.yi'./kips 

Tension/kip  of  load''  /.  5"^  kips/kip 

Subtract  carriage  weight 

-  S        kips 

Pay load  capability 

30.l   kips 

DETERMINE  UNLOADED  DEFLECTION: 

Calculate  load  factor: 

Remaining  cable  tension  capability  Ji5T^kips 

SI 

Tension  due  to  cable  weightC-/^^  kips/sta.  /  lb  . /f  t 

X  ^./C 

lb 

/ft. 

Allowable  loaded  deflection 

/b  •  f   percent 

Subtract  deflection  change  with  load  removed  (figs.  14 

to  29) 

-  S'  '   percent 

Unloaded  deflection 

/3'C  percent 

DETERMINE  UNLOADED  TENSION  USING  UNLOADED  DEFLECTION  (fig.  11  or 

tab] 

e  2) 

- 

:f3.  Z.   kips 

0./c5fekips/sta./lb. /ft.  x  SO      stations  x^,/»  pounds 

/foot 

■'"'Use  figure  12  or  table  3  when  load  is  not  clamped 

and  is  p 

art ially 

supported  by  a 

snubbing  line.   Use  figure  13  or  table  4  when  the  load  i; 

clamped 

to 

the 

skyl 

ine . 

Figure  3. --Single-span  skyline  worksheet  (example  1). 


Single  Span,    Example  Number  Z 

Problem 

A  profile  plot  of  a  skyline  road  yields  the  following  information: 
Horizontal  distance  between  supports         Z,  500  feet 
Elevation  between  supports  1,  570  feet 

Allowable  midspan  deflection  ZOO  feet 

The  problem  is  to  determine  what  size  extra-improved,    plow- steel 
wire   rope  is  required  for  a  payload  of  9,  000  pounds.      A  nonclamping  carriage 
weighing  700  pounds  is  to  be  used.      The   safety  factor  is  3. 

Solution 

The  first  trial  is  performed,    assuming  a  1 -inch-diameter  wire  rope, 
which  results  in  a  payload  of  5,  900  pounds.      Next,    a  1  -  1  /  Z-inch-diameter  wire 
rope  is  tried,    which  results  in  a  payload  of  13,  600  pounds.      A  plot  of  payload 
versus  diameter  is  made  ■with  a  straight  line  between  the  two  points  obtained 
from  the  first  two  trials  above.      (The   straight  line  is  an  approximation  of  the 
actual  curve  of  payload  versus  diameter  but  is  fairly  close  in  most  cases  and 
reduces  the  number  of  trials   required  in  this  type  of  problem.  )     This  plot  indi- 
cates that  1  - 1 /4-inch-diameter  cable   should  provide  the  desired  payload. 
Figure  4  shows  the  computations  on  a  worksheet  for  this  problem  -with  a  1-1/4- 
inch  cable,    which  results  in  a  payload  of  9,  400  pounds. 

MLI.TISPAN  SKYLINES 

Figure   5  illustrates  the  important  features  of  a  multispan  skyline.      The 
method  for  determining  the  capability  of  multispan  skylines  is  quite  similar  to 
that  used  for  single   spans  and  allows   use    of  the    same    procedures.      As  in 
single  spans,    the  procedure  consists  of  a  graphical  determination  of  allowable 
deflection  followed  by  a  mathematical  determination  of  payload  capability.      The 
multispan  problem  is  more  difficult,    because  a  payload  determined  from  one 
span  may  produce  a  higher  maximum  cable  tension  when  it  is  in  some  other 
span.      This  phenomenon  has  no  direct  mathematical   solution,    and  a  precise 
answer  would  require  a  tedious  iterative  process  for  each  multispan  configura- 
tion .      An  approximate  method  for  determining  the  capability  of  all   spans  in  a 
multispan  skyline  has  been  devised  which  will  give  reasonably  accurate   results 
if  performed  carefully.      The  use  of  this  approximate  method  is   recommended, 
as  the  logging  engineer  could  not  justify  the  time  and  cost  required  to  obtain  a 
precise   solution  for  each  skyline.      Before  we  get  into  the  details  of  the  procedure 
for  multispans,    the  problem  and  niethod  of  solution  will  be  discussed. 
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Skyl 
DETERMINE  FROM  SKYLINE  PROFILE: 

Unit  No. 

ine  Road  No. 

Allowable  loaded  deflection 

Horizontal  span  length  (one  station  =  100  feet) 

^     percent 

Z  S    stations 

Slope  of  span 

fa  ^  percent 

GIVEN: 

Cable:   Diameter  /  ^    inches          Weight  ^.  O^  pounds/foot 

Breaking  strength /i^tfkips  (1  kip  =  1,000  pounds) 

Factor  of  safety   «3         Safe  working  load  Sj«  J  kips 

Skyline  carriage  weight  O.  7   kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILITY: 

Safe  working  load  (given) 

S'3-  3  kips 

Subtract  tension  due  to  cable  weight  (fig.  11  or  table  2)  : 

0.<?5"S  kips/sta./lb./ft.  x  Z  S"    stations  x  /?.  g^lbs  . /f  t . 

-  ^S.  »  kips 

Remaining  cable  tension  capability 

^-Z  7  kips 

DETERMINE  GROSS  LOAD  CAPABILITY: 

Remaining  tension  capability  .?^  T  kips 

/^. /kips 

Tension/kip  of  load*  ^.V^kips/kip 

Subtract  carriage  weight 

-  Oy   kips 

Payload  capability 

f.y  kips 

DETERMINE  UNLOADED  DEFLECTION: 

Calculate  load  factor: 

Remaining  cable  tension  capability  «?7f  7kips 

V7 

Tension  due  to  cable  weight<?.;?5"fi  kips/s  ta. /lb  . /f  t .  x  jZ  .  8  ^  lb  . /f  t . 

Allowable  loaded  deflection 

^       percent 

Subtract  deflection  change  with  load  removed  (figs.  lA  to  29) 

-  Z.  P  percent 

Unloaded  deflection 

5".  X.    percent 

DETERMINE  UNLOADED  TENSION  USING  UNLOADED  DEFLECTION  (fig.  11  or  table  2): 

Z^.*?kips 

0..?7^kips/sta. /lb  . /ft .  x   <?  6  stations  x  j?.  8  ^pounds/foot 

"•'Use  figure  12  or  table  3  when  load  is  not  clamped  and  is  partially  su 

pported  by  a 

snubbing  line.   Use  figure  13  or  table  4  when  the  load  is  clamped  to  the  skyl 

ine. 

Figure  4. --Single-span  skyline  worksheet  (example  2). 


1  1 


SKYLINE 


SUPPORT 
SPAR 


CHORD 


INTERMEDIATE 
SUPPORT 


Figure  5. -Typical  multispan  logging  skyline. 
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The  general  approach  to  the  problem  is  one  which  considers  the  loaded 
multispan  skyline.      At  any  time,    the  load  will  be  in  only  one  span,    and  the  line 
will  have  a  certain  loaded  deflection  and  tension.      When  only  this   span  is  con- 
sidered,   it  does  not  matter  whether  it  is  a  single    span  or  part  of  a  multispan 
from  the   support  trees  inward.      The  tensions  produced  at  the  ends  of  this   span 
are  the   same  as  those  produced  in  a  single   span  with  the   same  load,    slope,    wire 
rope   size,    and  deflection.     However,    the  tension  at  the  upper  end  of  this   span 
is  not  the  maximum  tension  in  the  multispan  unless  it  is  the  top  span.      To  obtain 
the  maximum  tension  in  a  multispan  with  a  load  in  one  of  the  lower  spans,    use 
is  made  of  the  mathematical  property  of  a  catenary  that  the  difference  in  tension 
between  any  two  points  along  the  catenary  is  equal  to  the  difference  in  height  of 
the  points  multiplied  by  the  unit  weight  of  the  cable.      This  nieans  that  the  dif- 
ference in  tension  at  the  ends  of  an  unloaded  span  is  equal  to  the  difference  in 
elevation  of  the   supports  in  feet  times  the  weight  per  foot  of  cable.      From  this, 
it  follows  that  the  difference  in  tension  from  the  top  of  a  loaded  span  to  the  top 
of  a  multispan  is  the  difference  in  elevation  times  the  unit  cable  weight,    regard- 
less of  the  number  of  spans  betw^een.     Similarly,    the  tension  decreases  from 
the  lower  end  of  a  loaded  span  to  the  lowest  point  on  the  skyline;  but,    since  we 
are  looking  for  the  effect  of  the  maximum  tension,    we  need  only  be  concerned 
with  the  loaded  span  and  the   spans  above  the  loaded  span. 

When  a  span  of  a  multispan  is  considered  in  this  way,    the  payload  of 
this   span  can  be  determined  by,    first,    finding  the  allowable  deflection  in  the 
span  graphically  and,    then,    using  the  tables  and  graphs  to  determine  the  pay- 
load  capability  based  on  a  cable  working  load  in  exactly  the   same  way  as  a 
single-span  problem.      However,    v/hen  this  payload  is  moved  to  the  center  of 
another   span  in  the  multispan,    it  is  possible  that  the  cable  working  load  will 
be  exceeded.      The  problem  is  handled  by  adjusting  the  chain  length  and  the 
weight  used  in  the  graphical  analysis   so  that  the  chain  closely  approximates 
the  loaded  skyline  cable.      This  allows  transfer  of  the  weight  to  various   spans 
to  determine  their  respective  payload  capabilities.      The   smallest  payload 
determined  in  this  manner  is  the  payload  capability  of  the  entire  multispan. 

The  graphical  part  of  the  procedure  for  establishing  the  payload  capa- 
bility of  a  multispan  is  illustrated  in  figure  6  and  consists  of  the  following  steps: 

1,  On  rectangular  coordinate  paper  attached  to  a  drawing  board  select  a 
convenient  scale  and  draw  a  profile  of  the  ground. 

2,  Select  trial  location  for   support  spars  and  estimate  height  of  skyline 
supports  above  ground, 

3,  Determine  minimum  vertical  clearance  between  skyline  and  ground 
for  carriage,    chokers,    logs,    and  ground  clearance.     Subtract  this 
clearance  from  the   support  height  on  the   spar  trees  as   shown  in 
figure  6,      Mark  these  points. 

4,  Draw  straight  lines   (chords)  between  points  on  adjacent   spars.      Also 
draw  a  vertical  line  at  the  midspan  positions  and  number  the   spans 
starting  with  the  top  span. 

1  3 


:*^ 


w  ■ 


^m=A-r 


Figure  6.--Multispan  profile  plot  for  determining  allowable  deflection. 
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5.  Place  a  pin  at  each  point  marked  on  the   spars  and  string  a  chain  over 
the  pins.      The  upper  end  is   secured  to  the  upper  spar  pin  and  the  lower 
end  is  attached  to  a  pin  beyond  the  lower  spar.      This  pin  is   secured  in 
any  position  below  the  lower  spar  at  this   stage.      Adjust  the  pins   so 
that  the  chain  crosses  the   spars  at  the  marks. 

6.  Place  the  drawing  board  in  a  vertical  position  and  hook  a  small  weight 
over  the  chain. 

7.  Change  the  position  of  the  pin  at  the  lower  end  of  the  chain  so  that  the 
chain  at  the  weight  just  clears  the  ground  profile. 

8.  Move  the  weight  along  the  chain.      Whenever  the  chain  at  the  weight 
goes  below  the  ground  profile,    adjust  the  lower  pin  so  that  the  chain 
just  clears  the  profile.      Check  all  spans  in  this  manner. 

9.  Place  the  weight  at  the  center  of  span  number  2  (the   span  next  to  the 
upper   span).      Examine  the  deflection  in  the  upper  span  and  obtain  the 
percent  deflection  (vertical  midspan  deflection  divided  by  horizontal 
span  length). 

10,    Obtain  the  percent  deflection  that  the  upper  span   should  contain  based 
on  the  working  load  of  the  wire  rope  from  either  figure  7  or  the 
relationship: 


(T)(S)(W) 


B.S. 
S.F. 


where:     T  =  upper  end  tension  (kips  /  sta/lb/ft) 

S  =  horizontal   span  length  in  stations  (1    station  =100  feet) 

W  =  cable  weight  (lb/ft) 

B.S.    =  breaking   strength  of  wire  rope  (kips) 

S.  F.    =   safety  factor 

Solve  for  T  and  consult  figure   11    or  table   2  for  percent  deflection. 

Figure  7  is  based  on  a  1  -  1  /  2- inch-diameter,    extra-improved,    plow- 
steel  wire   rope  worked  to  a   safety  factor  of  3.      There  is  a  minor 
deviation  from  the  values   shown  for  other  rope   sizes,    but  the  deviation 
is  within  the  accuracy  of  the  graphical  solution. 


11.     If  the    percent  deflection  in  the  upper  span  of  the  graphical  analysis 
is  different  from  what  it  should  be,    the  weight  must  be  adjusted.      To 
obtain  more  deflection  in  the  upper  span,    remove   some  weight  or, 
to  obtain  less  deflection,    add  some  weight.     If  the  amount  of  weight 
is  changed,    it  is  necessary  to  readjust  the  chain  (steps  7  and  8)  and 
then  recheck  the  upper- span  deflection  (steps  9,    10,    and  11). 
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12.    Place  the  weight  in  the  center  of  each   span  and  obtain  the  percent 
deflection  (vertical  midspan  deflection  divided  by  horizontal  span 
length).     Also  obtain  the   slope,    horizontal  span  length,    and  eleva- 
tion between  top  of  span  and  top  of  skyline. 


LU 

U 

LU 

a. 


u 

LU 


LU 
Q 


1,000  2,000  3,000  4,000 

HORIZONTAL  SPAN  LENGTH       (  FEET  ) 


5,000 


Figure  /.--Deflection  vs.  span  length  for  various  span  slopes  (unloaded 
catenary  with  1-1/2-inch-diameter,  extra-improved^  plov/-steel  v/ire 
rope  stressed  to  one-third  breaking  strength). 


This  concludes  the  graphical  phase  of  the  analysis.      The   rest  of  the 
problem  is  performed  with  the  aid  of  the  multispan  worksheet   (fig.    31).      A 
separate  worksheet  is   required  for  each  span.      The   steps  for  each  span  are 
as  follows: 

1  .    Enter  the  following  information  from  the  profile  plot: 

a.  the   span  number 

b.  the  loaded  midspan  deflection 

c.  the  horizontal  span  length 

d.  the  slope  of  the   span 

e.  the  vertical  distance  from  the  top  of  the   span  to  the  top 
of  the   skyline. 

2.  Select  a  wire   rope   size  and  determine,    from  a  wire  rope  catalog 
or  table   1,    the  weight  per  foot  of  cable  and  the  breaking   strength. 

3.  Select  a  factor  of  safety  and  determine  the   safe  working  load  by 
dividing  the  breaking   strength  by  the  factor  of  safety. 
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4.  Enter  the  carriage  weight  on  the  worksheet.      (Steps  2,    3,    and  4  are 
the   same  for  all  worksheets.  ) 

5.  Enter  the   safe  working  load  on  the  worksheet. 

6.  Determine  the  tension  capability  loss  from  the  top  of  the   skyline  to  the 
top  of  the  span  in  question  by  multiplying  the  vertical  distance  from 
top  of  span  to  top  of  skyline  by  the  unit  cable  weight  and  subtract  this 
from  the   safe  working  load. 

7.  Use  figure   11   or  table  2  to  obtain  the  tension  due  to  cable  weight  in 
kips  per  station  per  pound  per  foot;  then  multiply  this  by  the  number 
of  stations  and  the  unit  cable  weight.      Subtract  this  tension  from  the 
safe  working  load  to  determine  the  remaining  tension  capability. 

8.  Next,    calculate  the  gross  load  capability  of  the  line  by  dividing  the 
remaining  tension  capability  by  the  tension  per  kip  of  load  obtained 
from  figure   12  or  table   3  -when  the  load  is  not  clamped  and  is  par- 
tially supported  by  a  snubbing  line,    or  from  figure  13  or  table  4 
when  the  load  is  clamped  to  the   skyline. 

9.  Subtract  the  carriage  weight  from  the  gross  load  capability  to  obtain 
the  payload  capability  for  this   span. 

Capability  of  each  span  is  determined  in  this  way,    and  the  minimum  capa- 
bility is  the  capacity  of  the  multispan.     If  the  payload  capability  is  insufficient, 
increase  the  deflections  by  reducing  the  clearance  (if  possible),    use  a  larger 
rope   size,    or  change  the  number  and/or  locations  of  the   support  trees.     An 
excessive  payload  capability  suggests  that  a  smaller  rope  can  be  used  or,    pos- 
sibly,   that  some  intermediate   supports  can  be  deleted. 

Obtaining  the  unloaded  tension  to  properly  set  up  a  multispan  skyline  is 
tedious  and  complex,    involving  a  consideration  of  the  equilibrium  transition  from 
the  loaded  to  the  unloaded  condition.      The  influence  of  cable  elasticity  as  well 
as  feed-over  between  spans  requires  an  iterative   solution  for  each  configuration. 
Since  no  convenient  way  has  been  found  to  present  data  applicable  to  general 
situations,    the  experience  and  judgment  of  the  logging  engineer  must  be  employed 
in  the   solution  of  this  problem.      Probably  the  most  reasonable  approach  to  ob- 
taining the  required  unloaded  tension  is  to  attach  the  capacity  payload  to  the 
carriage  in  the  critical  span  and  then  tighten  the  line   until   the    tension    reaches 
the  working  load.      When  the  load  is   removed,    the  cable  is  at  the  proper  unloaded 
tension.      This  method  requires  use  of  a  tension  indicator. 
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V 


Multispan,    Example  Number  1 


Problem 


It  is  desired  to  rig  a  1  -  5/8-inch-diameter  skyline  on  a  convex  slope.      The 
overall  horizontal  yarding  distance  is  2,  660  feet,    and  the  vertical  difference  in 
elevation  is   1  ,  4Z0  feet. 

Solution 


A  profile  plot  of  the   slope  is  drawn,    and  the  plot  indicates  that  three 
spans  will  be   required.      After    stringing    the    chain    and    adjusting    the    weight 
according  to  the  directions  in  the  text,    the  following  dimensions  are  determined 
from  the  plot: 

Span  1    (upper  span) 

Horizontal   span  length  1,050  feet 

Elevation  between  supports  ZOO  feet 

Loaded-midspan  deflection  57  feet 

Span  2  (intermediate   span) 

Horizontal  span  length  840  feet 

Elevation  between   supports  470  feet 

Loaded-midspan  deflection  60  feet 

Span  3   (lower   span) 

Horizontal   span  length  770  feet 

Elevation  between  supports  750  feet 

Loaded-midspan  deflection  77  feet 

A  safety  factor  of  3  is  applied  to  the  extra- iniproved,    plow- steel  wire 
rope,    and  a  nonclamping  carriage  weighing   3,000  pounds  is  to  be  used. 

This  information  and  three  multispan  worksheets   (see  figs.    8,    9,    and  10) 
are  used  in  calculating  the  capability  of  each  span.      The  three   spans  are  found 
to  have  capabilities  of  13.  2,    17.  1,    and  20.  3  kips,    which  limits  this   skyline  to 
a  payload  of  1  3.  2  kips. 


Skyl 

Unit  No. 

ine  Road  No. 

DETERMINE  FROM  SKYLINE  PROFILE: 

Span  location 

Span 

No.    / 

Loaded-midspan  deflection 

S •*T    percent 

Horizontal  span  length  (one  station  =  100 

feet) 

/  O.  b     stations 

Slope  of  span 

/t   percent 

Vertical  distance  from  top  of  span  to  top 
GIVEN: 

Cable:   Diameter  13    inches            \. 

of  skyline 

^   feet 

/eight  ^.83 

pounc 

s/foot 

Breaking  strength  j?fc^  kips  (1  ki 

p  =  1,000  pounds) 

Factor  of  safety   Ji             £ 

afe  working 

load 

$s 

kips 

Skyline  carriage  weight  >J   kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILIT-i 

.' 

Safe  working  load  (given) 

OO   kips 

Subtract  tension  between  span  and  top  of  £ 

kyline : 

Vertical  distance       ft.  x       lbs. 

/ft. /1, 000 

**   kips 
cJ  c5  kips 

Safe  working  load  at  top  of  span 

Subtract  tension  due  to  cable  weight  (fig. 

11  or  table 

2): 

t>.y?^^kips/sta./lb./ft.  x /<?, 5^  stations 

y.^.S^\h. 

/ft. 

-  /3.  /  kips 

Remaining  cable  tension  capability 

7'V<^kips 

DETERMINE  GROSS  LOAD  CAPABILITY: 

Remaining  tension  capability  / 7^  T  kips 

/i>Z  kips 

Tension/kip  of  load-'-  V.  6>?  kips/kip 

Subtract  carriage  weight 

-  w    kips 

Payload  capability  of  span 

/^•;?  kips 

"Use  figure  12  or  table  3  when  load  is 

not  clamped 

and 

is  partially  supported  by 

snubbing  line.   Use  figure  13  or  table  4  when  load  is  cl 

amped 

to  £ 

kyline 

Figure  8.--Multispan  skyline  worksheet  (example  1,  spafi  1). 
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Unit  No. 
Skyline  Road  No. 


DETERMINE  FROM  SKYLINE  PROFILE: 

Span  location 

Loaded-midspan  deflection 

Horizontal  span  length  (one  station  =  100  feet) 

Slope  of  span 

Vertical  distance  from  top  of  span  to  top  of  skyline 

GIVEN: 

Cable:   Diameter  /  ^S   inches  Weight  ^.OG  pounds/foot 

Breaking  strength  /? »  ^^  kips  (1  kip  =  1,000  pounds) 

Factor  of  safety  «J  Safe  working  load  SB    kips 

Skyline  carriage  weight   J   kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILITY: 

Safe  working  load  (given) 

Subtract  tension  between  span  and  top  of  skyline: 

Vertical  distance  ZOO   ft.  x  Y.88   lbs  . /ft . /1 ,000 

Safe  working  load  at  top  of  span 

Subtract  tension  due  to  cable  weight  (fig.  11  or  table  2): 

Q.  Z(,(m     kips/sta./lb./ft.  x  g.  y  stations  x  yg^lb./ft. 

Remaining  cable  tension  capability 

DETERMINE  GROSS  LOAD  CAPABILITY: 

Remaining  tension  capability  7b-'   kips 
Tension/kip  of  load '=  Jf,  7^kips/kip 

Subtract  carriage  weight 

Payload  capability  of  span 


Span  No. 


2il. 


percent 


S>-   y  stations 
OP  percent 


Z  OO    fe 


8S  ki 


ps 


-  /.Q     kips 

-  fO'J   kips 
]7»-  '    kips 

ZO-f   kips 

-  s?    kips 
/  ^.  /  kips 


"Use  figure  12  or  table  3  when  load  is  not  clamped  and  is  partially  supported  by 
snubbing  line.   Use  figure  13  or  table  4  when  load  is  clamped  to  skyline. 


Figure  9.--Multispan  skyline  worksheet  (example  1,  span  2). 
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Skyl 

Unit  No. 

ine  Road  No. 

DETERMINE  FROM  SKYLINE  PROFILE: 

Span  location 

Span 

No.   3 

Loaded-midspan  deflection 

/O    percent 

Horizontal  span  length  (one  station  =  100  feet) 

j7>  Testations 

Slope  of  span 

y  f      percent 

Vertical  distance  from  top  of  span  to  top  of  skyline 

C   7^  feet 

GIVEN: 

Cable:   Diameter/''^  inches          Weight  ^.  ^O  pounds/foot 

Breaking  strength  ^  6x  kips  (1  kip  =  1,000  pounds) 

Factor  of  safety  "^                          Safe  working  load  O   D  kips 

Skyline  carriage  weight  >i^   kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILITY: 

Safe  working  load  (given) 

O  a   kips 

Subtract  tension  between  span  and  top  of  skyline: 

Vertical  distance  CjO  it.    x  y.  0S  lbs. /f  t . /1 ,000 

-  ,^.5  kips 

Safe  working  load  at  top  of  span 

St- 7  ^^'^^ 

Subtract  tension  due  to  cable  weight  (fig.  11  or  table  2): 

0.3oZ   kips/sta./lb./ft.  y.    7.  7    stations  x  5^^^  lb. /ft. 

-  /A  3  kips 

Remaining  cable  tension  capability 

7^-y'kips 

DETERMINE  GROSS  LOAD  CAPABILITY: 

Remaining  tension  capability  7'^'7  kips 

JiS'3   kips 

Tension/kip  of  load"  3./.^kips/kip 

Subtract  carriage  weight 

-  "^    kips 

Payload  capability  of  span 

;?tf.^kips 

"Use  figure  12  or  table  3  when  load  is  not  clamped  and  is  partiall 

y  supported  by 

snubbing  line.   Use  figure  13  or  table  A  when  load  is  clamped  to  skyline 

Figure  10.--Multispan  skyline  worksheet  (example  1,  span  3). 
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Multispan,    Example  Number  2 
Problem 


A  skyline  road  has  a  profile  containing  roughly  3,  000  feet  at  a  slope  of 
30  percent  at  the  upper  end  followed  by  1,400  feet  at  a  slope  of  65  percent  at 
the  lower  end.      A  1  -  1 /4- inch-diameter,    extra-improved,    plow- steel  wire  rope 
at  a  safety  factor  of  3  is  to  be  used  in  conjunction  with  a  1,  200-pound  carriage 
which  clamps  to  the   skyline.     A  payload  capability  of  9,  000  pounds  is  necessary 
for  this   setting. 

Solution 

The  profile  is  laid  out  and  a  trial  is  made  with  three   spans.      The  chain 
is   strung,    the  weight  is  adjusted,    and  the  following  dimensions  are  obtained: 

Span   1    (upper   span) 

Horizontal  span  length  1,470  feet 

Elevation  between  supports  380  feet 

Loaded- midspan  deflection  80  feet 

Span  2  (interniediate  span) 

Horizontal  span  length  1,  530  feet 

Elevation  between  supports  510  feet 

Loaded-midspan  deflection  90  feet 

Span  3  (lower   span) 

Horizontal  span  length  1,400  feet 

Elevation  between   supports  910  feet 

Loaded-midspan  deflection  100  feet 

Three  worksheets  are  used  to  determine  the  payload  capabilities  of 
these   spans  which  are  7.  3,    7.  5,    and  7.  5  kips,    respectively  (the  computations 
are  left  as  an  exercise  for  the   reader).      This  gives  a  capability  of  7.  3  kips  for 
the   skyline. 

Since  this  is  below  the  desired  capability,    a  trial  with  four  spans  is 
next  attempted.      The  positions  of  the   supports  on  the  profile  plot  are  changed 
and  the  chain  and  weight  are  adjusted,    resulting  in  the  following: 

Span  1 

Horizontal  span  length  940  feet 

Elevation  between   supports  280  feet 

Loaded-midspan  deflection  80  feet 
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Span  Z 


Horizontal  span  length  870  feet 

Elevation  between  supports  Z20  feet 

Loaded-midspan  deflection  65  feet 


Span  3 


Horizontal  span  length  1,  300  feet 

Elevation  between  supports  450  feet 

Loaded-midspan  deflection  100  feet 


Span  4 


Horizontal  span  length  1,  290  feet 

Elevation  between  supports  850  feet 

Loaded-midspan  deflection  110  feet 


Proceeding  through  four  worksheets   (again  left  as  an  exercise)   results 
in  span  capabilities  of  13.  7,    12.0,    10.9,    and  9.  6  kips,    respectively,    which 
results  in  an  overall  capability  of  9.  6  kips. 
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APPENDIX 


Table  1. — Typical  skyline  wire  rope  specifications 


(6x19,  6x21,  or  6x25 

IWRci/) 

Cable 

Improved 

Extra- 

improved 

dimensions 

plow  steel 

plow 

steel 

Diameter 
(inches) 

Weight 
per  foot 
(pounds) 

Safe 
working  load—' 

Breaking 
strength 

Safe 
working  load—' 

Breaking 
strength 

Kips 

Kips 

Kips 

Kips 

1/4 

0.116 

1.96 

5.88 

2.27 

6.80 

5/16 

.18 

3.05 

9.16 

3.51 

10.54 

3/8 

.26 

4.37 

13.12 

5.0 

15.1 

7/16 

.35 

5.93 

17.78 

6.8 

20.4 

1/2 

.46 

7.7 

23.0 

8.9 

26.6 

9/16 

.59 

9.7 

29.0 

11.2 

33.6 

5/8 

.72 

12.0 

36.0 

13.7 

41.2 

3/4 

1.04 

17.1 

51.2 

19.6 

58.8 

7/8 

1.42 

23.1 

69.2 

26.5 

79.6 

1 

1.85 

30.0 

90.0 

34.5 

103.4 

1-1/8 

2.34 

37.7 

113.2 

43.3 

130.0 

1-1/4 

2.89 

43.3 

130.0 

53.3 

159.8 

1-3/8 

3.50 

55.7 

167.0 

64.0 

192.0 

1-1/2 

4.16 

65.9 

197.8 

76.0 

228.0 

1-5/8 

4.88 

76.7 

230.0 

88.0 

264.0 

1-3/4 

5.67 

89.3 

268.0 

102.0 

306.0 

1-7/8 

6.50 

101.3 

304,0 

116.0 

348.0 

2 

7.39 

114.7 

344.0 

132.0 

396.0 

2-1/8 

8.35 

128.7 

386.0 

147.3 

442.0 

2-1/4 

9.36 

143.3 

430.0 

164.7 

494.0 

2-1/2 

11.6 

175.3 

526.0 

201.3 

604.0 

2-3/4 

14.0 

209.3 

628.0 

240.7 

722.0 

—  Independent  wire  rope  core. 

2/ 

—  Based  on  a  safety  factor  of  3, 
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Figure  1 1  .--Upper-end   tension    due    to    coble    weight    vs.    slope    of    span 

for   various    deflections. 
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Figure  12. --Tension   due  to  midspan    load   vs.    slope   of  span   for    various 
deflections    (carriage  not  clamped  to  skyline). 
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Figure  13. --Upper-end   tension    due    to    midspan    load    vs.  slope  of  span    for 

various   deflections  (carriage  clamped  to  skyline).  27 


change  in  deflection  due  to  load  removal  vs.  load  factor  for  various  slopes. 
Based   on   a   modulus  of  elasticity  of  14,000,000  p.s.i. 
Tension  due  to   load  (   kips  ) 
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Figure  1  4 

•witti   a   loaded   deflection   of  5   percent 
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Figure  16 
■with   a   loaded   deflection  of  7  percent. 
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Figure  15 

with   a   loaded   deflection  of  6  percent. 
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Figure  17 

with  a  loaded   deflection   of  8   percent. 
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Change   in   deflection   due  to   load    removal   vs.    load   factor   for  various   slopes 

Based   on   a   modulus   of  elasticity  of  14,000,000  p.s.i. 
Tension   due  to   load   (   kips   ) 


Load   factor  - 


Tension  due  to  cable  weight  (  kips/station 
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Figure   18 
-with   a    loaded   deflection   of  9   percent. 
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Figure  19 
--with   a    loaded   deflection   of  10   percent. 
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LOAD     FACTOR 

Figure  20 

with    a    loaded    deflection   of  11    percent. 
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LOAD     FACTOR 

Figure    21 
■with   a    loaded    deflection   of  12   percent        £0 
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Based   on  a    modulus  of  elasticity  of  14,000,000  p.s.i. 
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Tension   due   to  cable  weight  (   kips/station  ) 
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Figure  22 
■with   a   loaded    deflection   of  13   percent. 
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0  50  100  150  200 

LOAD     FACTOR 

Figure    24 
•  with   a   loaded   deflection  of  15   percent. 


0  50  100  150  200 

Figure    23 

with   a   loaded   deflection  of  14   percent. 
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LOAD     FACTOR 

Figure  25 

with   a  loaded   deflection  of  16  percent. 
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0  50  100  150  200         250 

Figure  26 
-v^ith   a   loaded   deflection   of  17   percent. 


0  50  100  150  200  250 

LOAD     FACTOR 

Figure  28 
-with  a  loaded   deflection   of  19   percent. 


150  200  250 


Figure  27 
-with   a   loaded   deflection  of  18   percent. 


50  100  150  200  250 

LOAD     FACTOR 

Figure  29 
-with   a   loaded   deflection  of  20  percent. 
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Table  2. --Upper-end  tension 

(In  kips  per  station  per 


Slope  of 

Deflection 
(percent) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

1.0 

1.252 

1.257 

1.269 

1.287 

1.312 

1.342 

1.379 

1.422 

1.472 

1.527 

1.589 

1.657 

1.5 

.835 

.840 

.849 

.862 

.879 

.900 

.925 

.955 

.989 

1.027 

1.069 

1.115 

2.0 

.628 

.632 

.639 

.649 

.663 

.679 

.699 

.722 

.747 

.776 

.809 

.844 

2.5 

.503 

.507 

.513 

.  522 

.533 

.547 

.563 

.582 

.603 

.627 

.653 

.682 

3.0 

.420 

.424 

.429 

.437 

.447 

.459 

.473 

.489 

.507 

.527 

.549 

.574 

3.5 

.361 

.365 

.370 

.377 

.386 

.396 

.408 

.422 

.438 

.456 

.475 

.497 

4.0 

.317 

.321 

.325 

.332 

.340 

.349 

.360 

.373 

.387 

.403 

.420 

.439 

4.5 

.283 

.286 

.291 

.297 

.304 

.313 

.323 

.334 

.347 

.362 

.377 

.394 

5.0 

.256 

.259 

.263 

.269 

.276 

.284 

.293 

.304 

.316 

.329 

.343 

.359 

5.5 

.234 

.237 

.241 

.246 

.253 

.260 

.269 

.279 

.290 

.302 

.315 

.329 

6.0 

.215 

.218 

.222 

.228 

.234 

.241 

.249 

.258 

.268 

.280 

.292 

.305 

6.5 

.200 

.203 

.207 

.212 

.218 

.224 

.232 

.241 

.250 

.261 

.272 

.285 

7.0 

.187 

.190 

.194 

.198 

.204 

.210 

.218 

.226 

.235 

.245 

.256 

.268 

7.5 

.175 

.178 

.182 

.187 

.192 

.198 

.205 

.213 

.222 

.231 

.241 

.253 

8.0 

.166 

.169 

.172 

.177 

.182 

.188 

.194 

.202 

.210 

.219 

.229 

.240 

8.5 

.157 

.160 

.163 

.168 

.173 

.179 

.185 

.192 

.200 

.209 

.218 

.228 

9.0 

.149 

.152 

.156 

.160 

.165 

.170 

.177 

.184 

.191 

.199 

.208 

.218 

9.5 

.143 

.146 

.149 

.153 

.158 

.163 

.169 

.176 

.183 

.191 

.200 

.209 

10.0 

.137 

.140 

.143 

.147 

.152 

.157 

.163 

.169 

.176 

.184 

.192 

.201 

10.5 

.131 

.134 

.138 

.141 

.146 

.151 

.157 

.163 

.170 

.177 

.185 

.194 

11.0 

.127 

.129 

.133 

.137 

.141 

.146 

.151 

.157 

.164 

.171 

.179 

.187 

11.5 

.122 

.125 

.128 

.132 

.136 

.141 

.147 

.152 

.159 

.166 

.173 

.181 

12.0 

.118 

.121 

.124 

.128 

.132 

.137 

.142 

.148 

.154 

.161 

.168 

.176 

12.5 

.115 

.117 

.121 

.124 

.128 

.133 

.138 

.144 

.150 

.157 

.164 

.171 

13.0 

.111 

.114 

.117 

.121 

.125 

.130 

.135 

.140 

.146 

.152 

.159 

.167 

13.5 

.108 

.111 

.114 

.118 

.122 

.126 

.131 

.137 

.142 

.149 

.155 

.163 

14.0 

.106 

.108 

.112 

.115 

.119 

.123 

.128 

.134 

.139 

.145 

.152 

.159 

14.5 

.103 

.106 

.109 

.113 

.116 

.121 

.126 

.131 

.136 

.142 

.149 

.155 

15.0 

.101 

.104 

.107 

.110 

.114 

.118 

.123 

.128 

.133 

.139 

.146 

.152 

15.5 

.099 

.101 

.105 

.108 

.112 

.116 

.121 

.126 

.131 

.137 

.143 

.149 

16.0 

.097 

.100 

.103 

.106 

.110 

.114 

.118 

.123 

.129 

.134 

.140 

.147 

16.5 

.095 

.098 

.101 

.104 

.108 

.112 

.116 

.121 

.126 

.132 

.138 

.144 

17.0 

.093 

.096 

.099 

.102 

.106 

.110 

.115 

.119 

.124 

.130 

.136 

.142 

17.5 

.092 

.095 

.098 

.101 

.105 

.109 

.113 

.118 

.122 

.128 

.133 

.139 

18.0 

.090 

.093 

.096 

.099 

.103 

.107 

.111 

.116 

.121 

.126 

.132 

.137 

18.5 

.089 

.092 

.095 

.098 

.102 

.106 

.110 

.114 

.119 

,124 

.130 

.136 

19.0 

.088 

.091 

.094 

.097 

.100 

.104 

.108 

.113 

.118 

.123 

.128 

.134 

19.5 

.087 

.090 

.093 

.096 

.099 

.103 

.107 

.112 

.116 

.121 

.127 

.132 

20.0 

.086 

.089 

.091 

.095 

.098 

.102 

.106 

.110 

.115 

.120 

.125 

.131 

21.0 

.084 

.087 

.090 

.093 

.096 

.100 

.104 

.108 

.113 

.117 

.123 

.128 

22.0 

.082 

.085 

.088 

.091 

.095 

.098 

.102 

.106 

.111 

.115 

.120 

.125 

23.0 

.081 

.084 

.087 

.090 

.093 

.097 

.101 

.105 

.109 

.114 

.118 

.123 

24.0 

.080 

.083 

.086 

.089 

.092 

.096 

.099 

.103 

.108 

.112 

.117 

.122 

25.0 

.079 

.082 

.085 

.088 

.091 

.095 

.098 

.102 

.106 

.111 

.115 

.120 

26.0 

.078 

.081 

.084 

.087 

.090 

.094 

.097 

.101 

.105 

.109 

.114 

.119 

27.0 

.078 

.080 

.083 

.086 

.090 

.093 

.097 

.100 

.104 

.108 

.113 

.117 

28.0 

.077 

.080 

.083 

.086 

.089 

.092 

.096 

.100 

.104 

.108 

.112 

.116 

29.0 

.077 

.080 

.082 

.085 

.089 

.092 

.095 

.099 

.103 

.107 

.111 

.116 

30.0 

.077 

.079 

.082 

.085 

.088 

.092 

.095 

.099 

.102 

.106 

.111 

.115 
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due  to  weight  of  cable 

pound  of  cable  weight  per  foot) 


span    (percent) 


60 


65 


70 


75 


90 


95 


100 


105 


110 


115 


120 


1.731 

1.812 

1.899 

1.992 

2.091 

2.197 

2.309 

2.427 

2.551 

2.682 

2.819 

2.962 

3.111 

1.165 

1.220 

1.278 

1.341 

1.408 

1.480 

1.555 

1.635 

1.718 

1.806 

1.898 

1.995 

2.095 

.882 

.924 

.968 

1.016 

1.067 

1.121 

1.178 

1.239 

1.302 

1.369 

1.438 

1.511 

1.587 

.713 

.746 

.783 

.821 

.863 

.906 

.953 

1.001 

1.052 

1.106 

1.162 

1.221 

1.282 

.600 

.628 

.659 

.692 

.726 

.763 

.802 

.843 

.886 

.931 

.979 

1.028 

1.079 

.519 

.544 

.571 

.599 

.629 

.661 

.695 

.730 

.768 

.807 

.848 

.890 

.935 

.459 

.481 

.505 

.530 

.557 

.585 

.615 

.646 

.679 

.713 

.749 

.787 

.826 

.413 

.432 

.454 

.476 

.500 

.525 

.552 

.580 

.610 

.641 

.673 

.707 

.742 

.375 

.393 

.413 

.433 

.455 

.478 

.502 

.528 

.555 

.583 

.612 

.643 

.674 

.345 

.362 

.379 

.398 

.418 

.439 

.462 

.485 

.510 

.535 

.562 

.590 

.619 

.320 

.335 

.352 

.369 

.388 

.407 

.428 

.450 

.472 

.496 

.521 

.547 

.574 

.298 

.313 

.328 

.345 

.362 

.380 

.399 

.420 

.441 

.463 

.486 

.510 

.535 

.280 

.294 

.308 

.324 

.340 

.357 

.375 

.394 

.414 

.434 

.456 

.479 

.502 

.265 

.277 

.291 

.305 

.321 

.337 

.354 

.372 

.390 

.410 

.430 

.451 

.473 

.251 

.263 

.276 

.290 

.304 

.319 

.336 

.352 

.370 

.388 

.408 

.428 

.448 

.239 

.251 

.263 

.276 

.290 

.304 

.319 

.335 

.352 

.370 

.388 

.407 

.426 

.228 

.239 

.251 

.264 

.277 

.291 

.305 

.320 

.336 

.353 

.370 

.388 

.407 

.219 

.230 

.241 

.253 

.265 

.278 

.292 

.307 

.322 

.338 

.354 

.372 

.390 

.211 

.221 

.231 

.243 

.255 

.268 

.281 

.295 

.309 

.325 

.340 

.357 

.374 

.203 

.213 

.223 

.234 

.246 

.258 

.271 

.284 

.298 

.313 

.328 

.343 

.360 

.196 

.206 

.216 

.226 

.237 

.249 

.261 

.274 

.288 

.302 

.316 

.331 

.347 

.190 

.199 

.209 

.219 

.230 

.241 

.253 

.265 

.278 

.292 

.306 

.320 

.336 

.184 

.193 

.203 

.212 

.  223 

.234 

.245 

.257 

.270 

.283 

.296 

.310 

.325 

.179 

.188 

.197 

.206 

.216 

.227 

.238 

.250 

.262 

.274 

.287 

.301 

.315 

.175 

.183 

.192 

.201 

.211 

.221 

.  232 

.243 

.255 

.267 

.279 

.293 

.306 

.170 

.178 

.187 

.196 

.205 

.215 

.226 

.237 

.248 

.260 

.272 

.285 

.298 

.166 

.174 

.182 

.191 

.200 

.210 

.220 

.231 

.242 

.253 

.265 

.278 

.290 

.163 

.170 

.178 

.187 

.196 

.205 

.215 

.225 

.236 

.247 

.259 

.271 

.283 

.159 

.167 

.175 

.183 

.192 

.201 

.210 

.220 

.231 

.242 

.253 

.265 

.277 

.156 

.163 

.171 

.179 

.188 

.197 

.206 

.216 

.226 

.237 

.248 

.259 

.271 

.153 

.160 

.168 

.176 

.184 

.193 

.202 

.212 

.221 

.232 

.242 

.254 

.265 

.151 

.158 

.165 

.173 

.181 

.189 

.198 

.208 

.217 

.227 

.238 

.249 

.260 

.148 

.155 

.162 

.170 

.178 

.186 

.195 

.204 

.213 

.223 

.233 

.244 

.255 

.146 

.153 

.160 

.167 

.175 

.183 

.191 

.200 

.210 

.219 

.229 

.239 

.250 

.144 

.150 

.157 

.164 

.172 

.180 

.188 

.197 

.206 

.215 

.225 

.235 

.246 

.142 

.148 

.155 

.162 

.169 

.177 

.185 

.194 

.203 

.212 

.222 

.231 

.242 

.140 

.146 

.153 

.160 

.167 

.175 

.183 

.191 

.200 

.209 

.218 

.228 

.238 

.138 

.144 

.151 

.158 

.165 

.172 

.180 

.188 

.197 

.206 

.215 

.224 

.234 

.136 

.143 

.149 

.156 

.163 

.170 

.178 

.186 

.194 

.203 

.212 

.221 

.231 

.134 

.139 

.146 

.152 

.159 

.166 

.173 

.181 

.189 

.198 

.206 

.215 

.224 

.131 

.137 

.143 

.149 

.156 

.162 

.170 

.177 

.185 

.193 

.201 

.210 

.219 

.129 

.134 

.140 

.146 

.153 

.159 

.166 

.173 

.181 

.189 

.197 

.205 

.214 

.127 

.132 

.138 

.144 

.150 

.156 

.163 

.170 

.177 

.185 

.193 

.201 

.209 

.125 

.130 

.136 

.142 

.148 

.154 

.160 

.167 

.174 

.182 

.189 

.197 

.205 

.124 

.129 

.134 

.140 

.146 

.152 

.158 

.165 

.171 

.179 

.186 

.194 

.201 

.122 

.127 

.133 

.138 

.144 

.150 

.156 

.162 

.169 

.176 

.183 

.190 

.198 

.121 

.126 

.131 

.137 

.142 

.148 

.154 

.160 

.167 

.173 

.180 

.188 

.195 

.120 

.125 

.130 

.135 

.141 

.146 

.152 

.158 

.165 

.171 

.178 

.185 

.192 

119 


,124 


,129 


,134 


,139 


145 


,151 


,157 


163 


,169 


.176 


183 


,190 
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Table  3. -Tension  due  to  load 

(In  kips  per 


Loaded 

deflection 

(percent) 


Slope  of 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


1.0 

25.00 

25.01 

25.08 

25.21 

25.40 

25.65 

25.96 

26.33 

26.74 

27.21 

27.73 

28.29 

1.5 

16.67 

16.67 

16.71 

16.78 

16.90 

17.06 

17.26 

17.50 

17.77 

18.07 

18.41 

18.78 

2.0 

12.51 

12.50 

12.52 

12.57 

12.66 

12.77 

12.91 

13.08 

13.28 

13.51 

13.76 

14.03 

2.5 

10.01 

10.00 

10.01 

10.05 

10.11 

10.19 

10.30 

10.44 

10.59 

10.77 

10.96 

11.18 

3.0 

8.34 

8.33 

8.34 

8.36 

8.41 

8.48 

8.57 

8.67 

8.80 

8.94 

9.10 

9.28 

3.5 

7.16 

7.14 

7.14 

7.16 

7.20 

7.25 

7.33 

7.41 

7.52 

7.64 

7.77 

7.92 

4.0 

6.27 

6.25 

6.25 

6.26 

6.29 

6.34 

6.40 

6.47 

6.56 

6.66 

6.77 

6.90 

4.5 

5.57 

5.56 

5.55 

5.56 

5.58 

5.62 

5.67 

5.74 

5.81 

5.90 

6.00 

6.11 

5.0 

5.02 

5.00 

5.00 

5.00 

5.02 

5.05 

5.09 

5.15 

5.22 

5.29 

5.38 

5.48 

5.5 

4.57 

4.55 

4.54 

4.54 

4.56 

4.58 

4.62 

4.67 

4.73 

4.80 

4.87 

4.96 

6.0 

4.19 

4.17 

4.16 

4.16 

4.17 

4.20 

4.23 

4.27 

4.32 

4.38 

4.45 

4.53 

6.5 

3.87 

3.85 

3.84 

3.84 

3.85 

3.87 

3.90 

3.93 

3.98 

4.03 

4.10 

4.17 

7.0 

3.60 

3.58 

3.57 

3.57 

3.57 

3.59 

3.61 

3.64 

3.68 

3.73 

3.79 

3.85 

7.5 

3.37 

3.35 

3.33 

3.33 

3.33 

3.34 

3.36 

3.39 

3.43 

3.47 

3.53 

3.58 

8.0 

3.16 

3.14 

3.13 

3.12 

3.12 

3.13 

3.15 

3.17 

3.21 

3.25 

3.29 

3.35 

8.5 

2.98 

2.96 

2.94 

2.94 

2.94 

2.94 

2.96 

2.98 

3.01 

3.05 

3.09 

3.14 

9.0 

2.82 

2.80 

2.78 

2.77 

2.77 

2.78 

2.79 

2.81 

2.84 

2.87 

2.91 

2.95 

9.5 

2.67 

2.65 

2.64 

2.63 

2.62 

2.63 

2.64 

2.66 

2.68 

2.71 

2.75 

2.79 

10.0 

2.54 

2.52 

2.51 

2.50 

2.49 

2.50 

2.50 

2.52 

2.54 

2.57 

2.60 

2.64 

10.5 

2.43 

2.41 

2.39 

2.38 

2.37 

2.37 

2.38 

2.40 

2.41 

2.44 

2.47 

2.51 

11.0 

2.32 

2.30 

2.28 

2.27 

2.27 

2.27 

2.27 

2.28 

2.30 

2.32 

2.35 

2.38 

11.5 

2.23 

2.20 

2.19 

2.17 

2.17 

2.17 

2.17 

2.18 

2.19 

2.22 

2.24 

2.27 

12.0 

2.14 

2.11 

2.10 

2.08 

2.08 

2.07 

2.08 

2.09 

2.10 

2.12 

2.14 

2.17 

12.5 

2.06 

2.03 

2.02 

2.00 

1.99 

1.99 

1.99 

2.00 

2.01 

2.03 

2.05 

2.08 

13.0 

1.98 

1.96 

1.94 

1.93 

1.92 

1.91 

1.91 

1.92 

1.93 

1.95 

1.97 

1.99 

13.5 

1.91 

1.89 

1.87 

1.86 

1.85 

1.84 

1.84 

1.85 

1.85 

1.87 

1.89 

1.91 

14.0 

1.85 

1.83 

1.81 

1.79 

1.78 

1.78 

1.77 

1.78 

1.79 

1.80 

1.81 

1.84 

14.5 

1.79 

1.77 

1.75 

1.73 

1.72 

1.71 

1.71 

1.71 

1.72 

1.73 

1.75 

1.77 

15.0 

1.74 

1.71 

1.69 

1.68 

1.66 

1.66 

1.65 

1.65 

1.66 

1.67 

1.68 

1.70 

15.5 

1.68 

1.66 

1.64 

1.62 

1.61 

1.60 

1.60 

1.60 

1.60 

1.61 

1.63 

1.64 

16.0 

1.64 

1.61 

1.59 

1.57 

1.56 

1.55 

1.55 

1.55 

1.55 

1.56 

1.57 

1.59 

16.5 

1.59 

1.57 

1.55 

1.53 

1.52 

1.51 

1.50 

1.50 

1.50 

1.51 

1.52 

1.53 

17.0 

1.55 

1.52 

1.50 

1.49 

1.47 

1.46 

1.46 

1.45 

1.46 

1.46 

1.47 

1.48 

17.5 

1.51 

1.48 

1.46 

1.45 

1.43 

1.42 

1.41 

1.41 

1.41 

1.42 

1.43 

1.44 

18.0 

1.47 

1.45 

1.43 

1.41 

1.39 

1.38 

1.37 

1.37 

1.37 

1.37 

1.38 

1.39 

18.5 

1.44 

1.41 

1.39 

1.37 

1.36 

1.34 

1.34 

1.33 

1.33 

1.34 

1.34 

1.35 

19.0 

1.40 

1.38 

1.36 

1.34 

1.32 

1.31 

1.30 

1.30 

1.30 

1.30 

1.30 

1.31 

19.5 

1.37 

1.35 

1.32 

1.31 

1.29 

1.28 

1.27 

1.26 

1.26 

1.26 

1.27 

1.28 

20.0 

1.34 

1.32 

1.29 

1.27 

1.26 

1.25 

1.24 

1.23 

1.23 

1.23 

1.23 

1.24 

21.0 

1.29 

1.26 

1.24 

]  .22 

1.20 

1.19 

1.18 

1.17 

1.17 

1.17 

1.17 

1.18 

22.0 

1.24 

1.21 

1.19 

1.17 

1.15 

1.14 

1.12 

1.12 

1.11 

1.11 

1.11 

1.12 

23.0 

1.19 

1.17 

1.14 

1.12 

1.10 

1.09 

1.08 

1.07 

1.06 

1.06 

1.06 

1.06 

24.0 

1.15 

1.12 

1.10 

1.08 

1.06 

1.04 

1.03 

1.02 

1.01 

1.01 

1.01 

1.01 

25.0 

1.11 

1.09 

1.06 

1.04 

1.02 

1.01 

.99 

.98 

.97 

.97 

.97 

.97 

26.0 

1.08 

1.05 

1.03 

1.01 

.99 

.97 

.95 

.94 

.93 

.93 

.93 

.93 

27.0 

1.05 

1.02 

1.00 

.97 

.95 

.94 

.92 

.91 

.90 

.89 

.89 

.89 

28.0 

1.02 

.99 

.97 

.94 

.92 

.90 

.89 

.88 

.87 

.86 

.85 

.85 

29.0 

.99 

.96 

.94 

.92 

.89 

.88 

.86 

.85 

.83 

.83 

.82 

.82 

30.0 


.97 


.94 


.91 


.80 


.79 


.79 


34 


(carriage  not  clamped  to  skyline) 

kip  of  load) 


span  Cpercent) 


60 


65 


70 


75 


80 


90 


95 


100 


105 


110 


115 


120 


28.90 

29.55 

30.23 

30.95 

31.70 

32.49 

33.30 

34.14 

35.00 

35.89 

36.79 

37.72 

38.67 

19.18 

19.61 

20.06 

20.53 

21.03 

21.55 

22.09 

22.64 

23.22 

23.80 

24.41 

25.02 

25.65 

14.32 

14.64 

14.97 

15.33 

15.70 

16.08 

16.48 

16.90 

17.32 

17.76 

18.21 

18.67 

19.14 

11.41 

11.66 

11.92 

12.20 

12.50 

12.80 

13.12 

13.45 

13.79 

14.14 

14.50 

14.86 

15.24 

9.47 

9.67 

9.89 

10.12 

10.36 

10.62 

10.88 

11.15 

11.43 

11.72 

12.02 

12.32 

12.63 

8.08 

8.25 

8.44 

8.63 

8.84 

9.05 

9.28 

9.51 

9.75 

10.00 

10.25 

10.51 

10.77 

7.0A 

7.19 

7.35 

7.52 

7.70 

7.88 

8.08 

8.28 

8.49 

8.70 

8.92 

9.15 

9.38 

6.23 

6.36 

6.50 

6.65 

6.81 

6.97 

7.14 

7.32 

7.51 

7.70 

7.89 

8.09 

8.30 

5.59 

5.70 

5.83 

5.96 

6.10 

6.25 

6.40 

6.56 

6.72 

6.89 

7.07 

7.25 

7.43 

5.06 

5.16 

5.27 

5.39 

5.52 

5.65 

5.79 

5.93 

6.08 

6.23 

6.39 

6.55 

6.72 

4.62 

4.71 

4.81 

4.92 

5.03 

5.15 

5.28 

5.41 

5.55 

5.68 

5.83 

5.98 

6.13 

4.24 

4.33 

4.42 

4.52 

4.62 

4.73 

4.85 

4.97 

5.09 

5.22 

5.35 

5.49 

5.63 

3.92 

4.00 

4.09 

4.18 

4.27 

4.37 

4.48 

4.59 

4.70 

4.82 

4.95 

5.07 

5.20 

3.65 

3.72 

3.80 

3.88 

3.97 

4.06 

4.16 

4.26 

4.37 

4.48 

4.59 

4.71 

4.83 

3.41 

3.47 

3.54 

3.62 

3.70 

3.79 

3.88 

3.98 

4.08 

4.18 

4.28 

4.39 

4.50 

3.19 

3.26 

3.32 

3.39 

3.47 

3.55 

3.63 

3.72 

3.82 

3.91 

4.01 

4.11 

4.22 

3.01 

3.06 

3.12 

3.19 

3.26 

3.34 

3.42 

3.50 

3.59 

3.68 

3.77 

3.86 

3.96 

2.84 

2.89 

2.95 

3.01 

3.07 

3.15 

3.22 

3.30 

3.38 

3.46 

3.55 

3.64 

3.73 

2.68 

2.73 

2.79 

2.84 

2.91 

2.97 

3.04 

3.12 

3.19 

3.27 

3.36 

3.44 

3.53 

2.55 

2.59 

2.64 

2.70 

2.76 

2.82 

2.88 

2.95 

3.03 

3.10 

3.18 

3.26 

3.34 

2.42 

2.46 

2.51 

2.56 

2.62 

2.68 

2.74 

2.81 

2.87 

2.95 

3.02 

3.10 

3.17 

2.31 

2.35 

2.39 

2.44 

2.49 

2.55 

2.61 

2.67 

2.74 

2.80 

2.87 

2.95 

3.02 

2.20 

2.24 

2.28 

2.33 

2.38 

2.43 

2.49 

2.55 

2.61 

2.67 

2.74 

2.81 

2.88 

2.11 

2.14 

2.18 

2.23 

2.27 

2.32 

2.38 

2.43 

2.49 

2.55 

2.62 

2.68 

2.75 

2.02 

2.05 

2.09 

2.13 

2.17 

2.22 

2.27 

2.33 

2.38 

2.44 

2.50 

2.57 

2.63 

1.94 

1.97 

2.00 

2.04 

2.08 

2.13 

2.18 

2.23 

2.28 

2.34 

2.40 

2.46 

2.52 

1.86 

1.89 

1.92 

1.96 

2.00 

2.04 

2.09 

2.14 

2.19 

2.24 

2.30 

2.36 

2.42 

1.79 

1.82 

1.85 

1.88 

1.92 

1.96 

2.01 

2.05 

2.10 

2.16 

2.21 

2.26 

2.32 

1.73 

1.75 

1.78 

1.81 

1.85 

1.89 

1.93 

1.98 

2.02 

2.07 

2.12 

2.18 

2.23 

1.66 

1.69 

1.72 

1.75 

1.78 

1.82 

1.86 

1.90 

1.95 

2.00 

2.04 

2.10 

2.15 

1.61 

1.63 

1.66 

1.69 

1.72 

1.75 

1.79 

1.83 

1.88 

1.92 

1.97 

2.02 

2.07 

1.55 

1.57 

1.60 

1.63 

1.66 

1.69 

1.73 

1.77 

1.81 

1.85 

1.90 

1.95 

2.00 

1.50 

1.52 

1.55 

1.57 

1.60 

1.64 

1.67 

1.71 

1.75 

1.79 

1.83 

1.88 

1.93 

1.45 

1.47 

1.50 

1.52 

1.55 

1.58 

1.62 

1.65 

1.69 

1.73 

1.77 

1.82 

1.86 

l.Al 

1.43 

1.45 

1.47 

1.50 

1.53 

1.56 

1.60 

1.63 

1.67 

1.71 

1.76 

1.80 

1.37 

1.38 

1.40 

1.43 

1.45 

1.48 

1.51 

1.55 

1.58 

1.62 

1.66 

1.70 

1.74 

1.33 

1.34 

1.36 

1.38 

1.41 

1.44 

1.47 

1.50 

1.53 

1.57 

1.61 

1.65 

1.69 

1.29 

1.30 

1.32 

1.34 

1.37 

1.39 

1.42 

1.45 

1.49 

1.52 

1.56 

1.60 

1.64 

1.25 

1.27 

1.28 

1.30 

1.33 

1.35 

1.38 

1.41 

1.44 

1.47 

1.51 

1.55 

1.59 

1.18 

1.20 

1.21 

1.23 

1.25 

1.27 

1.30 

1.33 

1.36 

1.39 

1.42 

1.46 

1.49 

1.12 

1.13 

1.15 

1.16 

1.18 

1.21 

1.23 

1.25 

1.28 

1.31 

1.34 

1.38 

1.41 

1.07 

1.08 

1.09 

1.10 

1.12 

1.14 

1.16 

1.19 

1.21 

1.24 

1.27 

1.30 

1.34 

1.02 

1.03 

1.04 

1.05 

1.07 

1.08 

1.10 

1.13 

1.15 

1.18 

1.21 

1.23 

1.27 

.97 

.98 

.99 

1.00 

1.01 

1.03 

1.05 

1.07 

1.09 

1.12 

1.14 

1.17 

1.20 

.93 

.93 

.94 

.95 

.97 

.98 

1.00 

1.02 

1.04 

1.06 

1.09 

1.11 

1.14 

.89 

.89 

.90 

.91 

.92 

.94 

.95 

.97 

.99 

1.01 

1.04 

1.06 

1.09 

.85 

.86 

.86 

.87 

.88 

.89 

.91 

.93 

.95 

.97 

.99 

1.01 

1.04 

.82 

.82 

.83 

.83 

.84 

.86 

.87 

.89 

.90 

.92 

.94 

.97 

.99 

.79 


.79 


.79 


.80 


.81 


.82 


.85 


.90 


,92 


.95 
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Table  4. -Upper-end  tension  due  to 

(In  kips  per 


Loaded 
deflection 

Slope  of 

(percent) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

1.0 

25.00 

25.06 

25.18 

25.36 

25.60 

25.89 

26.25 

26.66 

27.11 

27.62 

28.18 

28.78 

1.5 

16.67 

16.72 

16.80 

16.93 

17.10 

17.31 

17.55 

17.83 

18.14 

18.48 

18.86 

19.26 

2.0 

12.51 

12.55 

12.62 

12.72 

12.85 

13.01 

13.20 

13.41 

13.65 

13.92 

14.20 

14.51 

2.5 

10.01 

10.05 

10.11 

10.19 

10.30 

10.44 

10.59 

10.77 

10.96 

11.18 

11.41 

11.66 

3.0 

8.34 

8.38 

8.44 

8.51 

8.61 

8.72 

8.85 

9.00 

9.17 

9.35 

9.55 

9.76 

3.5 

7.16 

7.19 

7.24 

7.31 

7.39 

7.50 

7.61 

7.74 

7.89 

8.05 

8.22 

8.40 

4.0 

6.27 

6.30 

6.35 

6.41 

6.49 

6.58 

6.68 

6.80 

6.93 

7.07 

7.22 

7.38 

4.5 

5.57 

5.61 

5.65 

5.71 

5.78 

5.86 

5.96 

6.07 

6.18 

6.31 

6.45 

6.59 

5.0 

5.02 

5.05 

5.09 

5.15 

5.22 

5.29 

5.38 

5.48 

5.59 

5,70 

5.83 

5.96 

5.5 

4.57 

4.60 

4.64 

4.69 

4.75 

4.83 

4.91 

5.00 

5.10 

5.21 

5.32 

5.44 

6.0 

4.19 

4.22 

4.26 

4.31 

4.37 

4.44 

4.51 

4.60 

4.69 

4.79 

4.90 

5.01 

6.5 

3.87 

3.90 

3.94 

3.99 

4.05 

4.11 

4.18 

4.26 

4.35 

4.44 

4.54 

4.65 

7.0 

3.60 

3.63 

3.67 

3.71 

3.77 

3.83 

3.90 

3.97 

4.05 

4.14 

4.24 

4.33 

7.5 

3.37 

3.39 

3.43 

3.48 

3.53 

3.59 

3.65 

3.72 

3.80 

3.88 

3.97 

4.06 

8.0 

3.16 

3.18 

3.22 

3.27 

3.32 

3.37 

3.44 

3.50 

3.58 

3.66 

3.74 

3.83 

8.5 

2.98 

3.01 

3.04 

3.08 

3.13 

3.19 

3.25 

3.31 

3.38 

3.46 

3.54 

3.62 

9.0 

2.82 

2.85 

2.88 

2.92 

2.97 

3.02 

3.08 

3.14 

3.21 

3.28 

3.35 

3.43 

9.5 

2.67 

2.70 

2.74 

2.77 

2.82 

2.87 

2.93 

2.99 

3.05 

3.12 

3.19 

3.27 

10.0 

2.54 

2.57 

2.61 

2.64 

2.69 

2.74 

2.79 

2.85 

2.91 

2.98 

3.05 

3.12 

10.5 

2.43 

2.46 

2.49 

2.53 

2.57 

2.62 

2.67 

2.72 

2.78 

2.85 

2.91 

2.99 

11.0 

2.32 

2.35 

2.38 

2.42 

2.46 

2.51 

2.56 

2.61 

2.67 

2.73 

2.80 

2.86 

11.5 

2.23 

2.25 

2.28 

2.32 

2.36 

2.41 

2.46 

2.51 

2.56 

2.62 

2.69 

2.75 

12.0 

2.14 

2.16 

2.20 

2.23 

2.27 

2.32 

2.36 

2.41 

2.47 

2.53 

2.59 

2.65 

12.5 

2.06 

2.08 

2.11 

2.15 

2.19 

2.23 

2.28 

2.33 

2.38 

2.44 

2.49 

2.56 

13.0 

1.98 

2.01 

2.04 

2.07 

2.11 

2.15 

2.20 

2.25 

2.30 

2.35 

2.41 

2.47 

13.5 

1.91 

1.94 

1.97 

2.00 

2.04 

2.08 

2.13 

2.17 

2.22 

2.28 

2.33 

2.39 

14.0 

1.85 

1.88 

1.91 

1.94 

1.98 

2.02 

2.06 

2.11 

2.15 

2.21 

2.26 

2.32 

14.5 

1.79 

1.82 

1.85 

1.88 

1.91 

1.95 

2.00 

2.04 

2.09 

2.14 

2.19 

2.25 

15.0 

1.74 

1.76 

1.79 

1.82 

1.86 

1.90 

1.94 

1.98 

2.03 

2.08 

2.13 

2.18 

15.5 

1.68 

1.71 

1.74 

1.77 

1.81 

1.84 

1.88 

1.93 

1.97 

2.02 

2.07 

2.12 

16.0 

1.64 

1.66 

1.69 

1.72 

1.76 

1.79 

1.83 

1.88 

1.92 

1.97 

2.02 

2.07 

16.5 

1.59 

1.62 

1.64 

1.68 

1.71 

1.75 

1.79 

1.83 

1.87 

1.92 

1.96 

2.01 

17.0 

1.55 

1.57 

1.60 

1.63 

1.67 

1.70 

1.74 

1.78 

1.82 

1.87 

1.92 

1.96 

17.5 

1.51 

1.53 

1.56 

1.59 

1.63 

1.66 

1.70 

1.74 

1.78 

1.82 

1.87 

1.92 

18.0 

1.47 

1.50 

1.52 

1.55 

1.59 

1.62 

1.66 

1.70 

1.74 

1.78 

1.83 

1.87 

18.5 

1.44 

1.46 

1.49 

1.52 

1.55 

1.58 

1.62 

1.66 

1.70 

1.74 

1.79 

1.83 

19.0 

1.40 

1.43 

1.45 

1.48 

1.52 

1.55 

1.59 

1.62 

1.66 

1.70 

1.75 

1.79 

19.5 

1.37 

1.40 

1.42 

1.45 

1.48 

1.52 

1.55 

1.59 

1.63 

1.67 

1.71 

1.75 

20.0 

1.34 

1.37 

1.39 

1.42 

1.45 

1.49 

1.52 

1.56 

1.60 

1.63 

1.68 

1.72 

21.0 

1.29 

1.31 

1.34 

1.37 

1.40 

1.43 

1.46 

1.50 

1.53 

1.57 

1.61 

1.65 

22.0 

1.24 

1.26 

1.29 

1.31 

1.34 

1.38 

1.41 

1.44 

1.48 

1.52 

1.55 

1.59 

23.0 

1.19 

1.22 

1.24 

1.27 

1.30 

1.33 

1.36 

1.39 

1.43 

1.46 

1.50 

1.54 

24.0 

1.15 

1.17 

1.20 

1.23 

1.25 

1.28 

1.32 

1.35 

1.38 

1.42 

1.45 

1.49 

25.0 

1.11 

1.14 

1.16 

1.19 

1.22 

1.24 

1.28 

1.31 

1.34 

1.37 

1.41 

1.44 

26.0 

1.08 

1.10 

1.13 

1.15 

1.18 

1.21 

1.24 

1.27 

1.30 

1.33 

1.37 

1.40 

27.0 

1.05 

1.07 

1.09 

1.12 

1.15 

1.17 

1.20 

1.23 

1.27 

1.30 

1.33 

1.36 

28.0 

1.02 

1.04 

1.06 

1.09 

1.12 

1.14 

1.17 

1.20 

1.23 

1.26 

1.30 

1.33 

29.0 

.99 

1.01 

1.04 

1.06 

1.09 

1.11 

1.14 

1.17 

1.20 

1.23 

1.26 

1.29 

30.0 


,97 


.99 


1.01 


1.04 


1.06 


1.09 


1.12 


1.14 


1.17 


1.20 


1.23 


1.26 


36 


load  (carriage   clamped   to   skyline) 

kip  of  load) 


span    (percent) 


60 


65 


70 


75 


80 


90 


95 


100 


105 


110 


115 


120 


29.41 

30.09 

30.80 

31.55 

32.33 

33.14 

33.97 

34.83 

35.71 

36.61 

37.53 

38.48 

39.43 

19.70 

20.15 

20.63 

21.13 

21.66 

22.20 

22.76 

23.33 

23.92 

24.53 

25.15 

25.78 

26.42 

14.84 

15.18 

15.55 

15.93 

16.32 

16.73 

17.15 

17.59 

18.03 

18.49 

18.95 

19.43 

19.91 

11.92 

12.20 

12.50 

12.80 

13.12 

13.45 

13.79 

14.14 

14.50 

14.86 

15.24 

15.62 

16.00 

9.98 

10.22 

10.46 

10.72 

10.99 

11.26 

11.55 

11.84 

12.14 

12.45 

12.76 

13.08 

13.40 

8.59 

8.80 

9.01 

9.23 

9.46 

9.70 

9.95 

10.20 

10.46 

10.72 

10.99 

11.26 

11.54 

7.55 

7.73 

7.92 

8.12 

8.32 

8.53 

8.75 

8.97 

9.19 

9.43 

9.66 

9.90 

10.15 

6.75 

6.91 

7.08 

7.25 

7.43 

7.62 

7.81 

8.01 

8.21 

8.42 

8.63 

8.85 

9.06 

6.10 

6.25 

6.40 

6.56 

6.72 

6.89 

7.07 

7.25 

7.43 

7.62 

7.81 

8.00 

8.20 

5.57 

5.70 

5.84 

5.99 

6.14 

6.30 

6.46 

6.62 

6.79 

6.96 

7.13 

7.31 

7.49 

5.13 

5.25 

5.38 

5.52 

5.66 

5.80 

5.95 

6.10 

6.25 

6.41 

6.57 

6.73 

6.90 

4.76 

4.87 

4.99 

5.12 

5.25 

5.38 

5.52 

5.66 

5.80 

5.94 

6.09 

6.24 

6.40 

4.44 

4.55 

4.66 

4.78 

4 .  90 

5.02 

5.15 

5.28 

5.41 

5.55 

5.68 

5.82 

5.97 

4.16 

4.26 

4.37 

4.48 

4.59 

4.71 

4.83 

4.95 

5.07 

5.20 

5.33 

5.46 

5.60 

3.92 

4.02 

4.12 

4.22 

4.33 

4.44 

4.55 

4.66 

4.78 

4.90 

5.02 

5.15 

5.27 

3.71 

3.80 

3.89 

3.99 

4.09 

4.20 

4.30 

4.41 

4.52 

4.63 

4.75 

4.87 

4.98 

3.52 

3.60 

3.70 

3.79 

3.88 

3.98 

4.08 

4.19 

4.29 

4.40 

4.51 

4.62 

4.73 

3.35 

3.43 

3.52 

3.61 

3.70 

3.79 

3.89 

3.99 

4.09 

4.19 

4.29 

4.39 

4.50 

3.20 

3.28 

3.36 

3.44 

3.53 

3.62 

3.71 

3.80 

3.90 

4.00 

4.09 

4.19 

4.30 

3.06 

3.14 

3.21 

3.30 

3.38 

3.46 

3.55 

3.64 

3.73 

3.82 

3.92 

4.01 

4.11 

2.93 

3.01 

3.08 

3.16 

3.24 

3.32 

3.41 

3.49 

3.58 

3.67 

3.76 

3.85 

3.94 

2.82 

2.89 

2.96 

3.04 

3.12 

3.19 

3.27 

3.36 

3.44 

3.53 

3.61 

3.70 

3.79 

2.72 

2.78 

2.85 

2.93 

3.00 

3.08 

3.15 

3.23 

3.31 

3.39 

3.48 

3.56 

3.65 

2.62 

2.69 

2.75 

2.82 

2.89 

2.97 

3.04 

3.12 

3.20 

3.27 

3.35 

3.44 

3.52 

2.53 

2.59 

2.66 

2.73 

2.80 

2.87 

2.94 

3.01 

3.09 

3.16 

3.24 

3.32 

3.40 

2.45 

2.51 

2.57 

2.64 

2.71 

2.77 

2.84 

2.92 

2.99 

3.06 

3.14 

3.21 

3.29 

2.37 

2.43 

2.49 

2.56 

2.62 

2.69 

2.76 

2.83 

2.89 

2.97 

3.04 

3.11 

3.18 

2.30 

2.36 

2.42 

2.48 

2.54 

2.61 

2.67 

2.74 

2.81 

2.88 

2.95 

3.02 

3.09 

2.24 

2.2S 

2.35 

2.41 

2.47 

2.53 

2.60 

2.66 

2.73 

2.79 

2.86 

2.93 

3.00 

2.18 

2.23 

2.29 

2.34 

2.40 

2.46 

2.53 

2.59 

2.65 

2.72 

2.78 

2.85 

2.92 

2.12 

2.17 

2.23 

2.28 

2.34 

2.40 

2.46 

2.52 

2.58 

2.64 

2.71 

2.77 

2.84 

2.06 

2.12 

2.17 

2.22 

2.28 

2.34 

2.40 

2.46 

2.52 

2.58 

2.64 

2.70 

2.76 

2.01 

2.06 

2.12 

2.17 

2.22 

2.28 

2.34 

2.39 

2.45 

2.51 

2.57 

2.63 

2.69 

1.96 

2.01 

2.07 

2.12 

2.17 

2.23 

2.28 

2.34 

2.39 

2.45 

2.51 

2.57 

2.63 

1.92 

1.97 

2.02 

2.07 

2.12 

2.17 

2.23 

2.28 

2.34 

2.40 

2.45 

2.51 

2.57 

1.88 

1.92 

1.97 

2.02 

2.07 

2.13 

2.18 

2.23 

2.29 

2.34 

2.40 

2.45 

2.51 

1.84 

1.88 

1.93 

1.98 

2.03 

2.08 

2.13 

2.18 

2.24 

2    29 

2.34 

2.40 

2.45 

1.80 

1.84 

1.89 

1.94 

1.99 

2.04 

2.09 

2.14 

2.19 

2.24 

7    29 

2.35 

2.40 

1.76 

1.81 

1.85 

1.90 

1.95 

2.00 

2.04 

2.09 

2.14 

2.20 

2.25 

2.30 

2.35 

1.69 

1.74 

1.78 

1.83 

1.87 

1.92 

1.97 

2.01 

2.06 

2.11 

2.16 

2.21 

2.26 

1.63 

1.68 

1.72 

1.76 

1.80 

1.85 

1.89 

1.94 

1.99 

2.03 

2.08 

2.13 

2.18 

1.58 

1.62 

1.66 

1.70 

1.74 

1.79 

1.83 

1.87 

1.92 

1.96 

2.01 

2.05 

2.10 

1.53 

1.57 

1.61 

1.65 

1.69 

1.73 

1.77 

1.81 

1.85 

1.90 

1.94 

1.99 

2.03 

1.48 

1.52 

1.56 

1.59 

1.63 

1.67 

1.71 

1.76 

1.80 

1.84 

1.88 

1.92 

1.97 

1.44 

1.47 

1.51 

1.55 

1.59 

1.62 

1.66 

1.70 

1.74 

1.78 

1.82 

1.87 

1.91 

1.40 

1.43 

1.47 

1.51 

1.54 

1.58 

1.62 

1.66 

1.69 

1.73 

1.77 

1.81 

1.85 

1.36 

1.40 

1.43 

1.47 

1.50 

1.54 

1.57 

1.61 

1.65 

1.69 

1.72 

1.76 

1.80 

1.33 

1.36 

1.39 

1.43 

1.46 

1.50 

1.53 

1.57 

1.61 

1.64 

1.68 

1.72 

1.75 

1.30 


1.33 


1.36 


1.39 


1.43 


1.46 


1.50 


1.53 


1.57 


1.60 


1.64 


1.67 


1.71 
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Table  5. -Ratio  of  catenary  curve  length 


Unloaded 
deflection 

Slope  of 

(percent) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

A5 

50 

55 

1.0 

1.00027 

1.00151 

1.00525 

1.01145 

1.02006 

1.03102 

1.04426 

1.05971 

1.07725 

.09679 

1.11822 

1.141.45 

1.5 

1.00060 

1.00185 

1.00558 

1.01177 

1.02037 

1.03132 

1.04456 

1.05999 

1.07751    ] 

.09704 

1.11846 

1.14167 

2.0 

1.00107 

1.00231 

1.00604 

1.01222 

1.02081 

1.03175 

1.04497 

1.06038 

1.07789 

.09739 

1.11880 

1.14199 

2.5 

1.00166 

1.00291 

1.00663 

1.01280 

1.02137 

1.03230 

1.04549 

1.06088 

1.07837 

.09785 

1.11923 

1.14239 

3.0 

1.00239 

1.00363 

1.00735 

1.01350 

1.02206 

1.03296 

1.04614 

1.06150 

1/07895 

.09840 

1.11975 

1.14288 

3.5 

1.00326 

1.00449 

1.00820 

1.01434 

1.02288 

1.03375 

1.04689 

1.06222 

1.07964 

.09906 

1.12037 

1.14347 

4.0 

1.00425 

1.00548 

1.00917 

1.01530 

1.02381 

1.03466 

1.04777 

1.06306 

1.08044 

L. 09982 

1.12108 

1.14414 

4.5 

1.00537 

1.00660 

1.01028 

1.01639 

1.02487 

1.03569 

1.04876 

1.06401 

1.08134 

.10067 

1.12189 

1.14490 

5.0 

1.00663 

1.00785 

1.01152 

1.01760 

1.02606 

1.03683 

1.04986 

1.06506 

1.08235 

.10163 

1.12279 

1.14575 

5.5 

1.00801 

1.00923 

1.01288 

1.01894 

1.02736 

1.03810 

1.05108 

1.06623 

1.08346 

1.10268 

1.12379 

1.14669 

6.0 

1.00951 

1.01073 

1.01436 

1.02040 

1.02879 

1.03948 

1.05241 

1.06751 

1.08468 

L. 10384 

1.12488 

1.14771 

6.5 

1.01115 

1.01236 

1.01598 

1.02198 

1.03033 

1.04098 

1.05386 

1.06889 

1.08600 

.10509 

1.12606 

1.14883 

7.0 

1.01291 

1.01411 

1.01771 

1.02368 

1.03199 

1.04259 

1.05541 

1.07038 

1.08742 

L. 10644 

1.12734 

1.15003 

7.5 

1.01479 

1.01599 

1.01957 

1.02551 

1.03378 

1.04432 

1.05708 

1.07198 

1.08895 

L. 10789 

1.12871 

1.15132 

8.0 

1.01680 

1.01799 

1.02155 

1.02746 

1.03568 

1.04616 

1.05886 

1.07369 

1.09057 

L. 10943 

1.13017 

1.15270 

8.5 

1.01893 

1.02011 

1.02365 

1.02952 

1.03769 

1.04812 

1.06074 

1.07550 

1.09230 

L. 11107 

1.13173 

1.15416 

9.0 

1.02118 

1.02235 

1.02586 

1.03170 

1.03982 

1.05019 

1.06274 

1.07741 

1.09413 

L. 11281 

1.13337 

1.15571 

9.5 

1.02354 

1.02471 

1.02820 

1.03400 

1.04207 

1.05237 

1.06484 

1.07943 

1.09606 

.11465 

1.13511 

1.15735 

10.0 

1.02603 

1.02718 

1.03065 

1.03641 

1.04442 

1.05466 

1.06705 

1.08156 

1.09809 

L. 11658 

1.13694 

1.15908 

10.5 

1.02863 

1.02977 

1.03321 

1.03893 

1.04689 

1.05705 

1.06937 

1.08378 

1.10022 

L. 11860 

1.13885 

1.16089 

11.0 

1.03134 

1.03248 

1.03589 

1.04156 

1.04946 

1.05956 

1.07179 

1.08611 

1.10244 

L. 12072 

1.14086 

1.16278 

11.5 

1.03416 

1.03530 

1.03868 

1.04431 

1.05215 

1.06217 

1.07431 

1.08853 

1.10476 

L. 12293 

1.14296 

1.16476 

12.0 

1.03710 

1.03822 

1.04158 

1.04716 

1.05494 

1.06488 

1.07694 

1.09106 

1.10718 

L. 12523 

1.14514 

1.16683 

12.5 

1.04015 

1.04126 

1.04459 

1.05012 

1.05784 

1.06770 

1.07966 

1.09368 

1.10969 

L. 12763 

1.14741 

1.16898 

13.0 

1.04330 

1.04440 

1.04770 

1.05319 

1.06084 

1.07062 

1.08249 

1.09640 

1.11230 

L. 13011 

1.14977 

1.17121 

13.5 

1.04656 

1.04765 

1.05092 

1.05636 

1.06394 

1.07364 

1.08542 

1.09922 

1.11500 

L. 13269 

1.15222 

1.17352 

14.0 

1.04992 

1.05100 

1.05424 

1.05963 

1.06715 

1.07676 

1.08844 

1.10213 

1.11779 

.13535 

1.15475 

1.17592 

14.5 

1.05339 

1.05446 

1.05767 

1.06301 

1.07045 

1.07998 

1.09156 

1.10514 

1.12067 

L. 13810 

1.15737 

1.17840 

15.0 

1.05695 

1.05801 

1.06119 

1.06648 

1.07386 

1.08330 

1.09477 

1.10824 

1.12365 

L. 14095 

1.16007 

1.18096 

15.5 

1.06061 

1.06166 

1.06481 

1.07005 

1.07735 

1.08671 

1.09808 

1.11143 

1.12671 

L. 14388 

1.16286 

1.18361 

16.0 

1.06438 

1.06541 

1.06853 

1.07371 

1.08095 

1.09021 

1.10148 

1.11471 

1.12986 

L. 14689 

1.16573 

1.18633 

16.5 

1.06823 

1.06926 

1.07234 

1.07747 

1.08464 

1.09381 

1.10497 

1.11808 

1.13310 

.14999 

1.16869 

1.18913 

17.0 

1.07218 

1.07320 

1.07625 

1.08133 

1.08842 

1.09750 

1.10855 

1.12154 

1.1364  3 

L. 15317 

1.17172 

1.19202 

17.5 

1.07622 

1.07723 

1.08025 

1.08527 

1.09229 

1.10128 

1.11222 

1.12509 

1.13984 

.15644 

1.17484 

1.19498 

18.0 

1.08035 

1.08135 

1.08434 

1.08930 

1.09625 

1.10514 

1.11598 

1.12872 

1.14334 

L. 15979 

1.17804 

1.19802 

18.5 

1.08457 

1.08556 

1.08851 

1.09343 

1.10029 

1.10910 

1.11982 

1.13244 

1.14692 

L. 16323 

1.18132 

1.20114 

19.0 

1.08888 

1.08985 

1.09277 

1.09763 

1.10442 

1.11314 

1.12375 

1.13624 

1.15058 

.16674 

1.18467 

1.20433 

19.5 

1.09327 

1.09423 

1.09712 

1.10193 

1.10864 

1.11726 

1.12776 

1.14012 

1.15433 

.17033 

1.18811 

1.20760 

20.0 

1.09775 

1.09870 

1.10155 

1.10630 

1.11294 

1.12146 

1.13185 

1.14409 

1.15815 

L. 17401 

1.19162 

1.21095 

21.0 

1.10694 

1.10787 

1.11066 

1.11530 

1.12178 

1.13012 

1.14028 

1.15226 

1.16604 

L. 18159 

1.19888 

1.21787 

22.0 

1.11645 

1.11736 

1.12007 

1.12460 

1.13094 

1.13908 

1.14902 

1.16074 

1.17423 

.18947 

1.20643 

1.22508 

23.0 

1.12626 

1.12714 

1.12979 

1.13422 

1.14040 

1.14835 

1.15806 

1.16953 

1.18273 

.19766 

1.21428 

1.23258 

24.0 

1.13636 

1.13722 

1.13981 

1.14412 

1.15015 

1.15792 

1.16740 

1.17860 

1.19152 

.20613 

1.22242 

1.24037 

25.0 

1.14673 

1.14757 

1.15010 

1.15430 

1.16019 

1.16776 

1.17702 

1.18797 

1.20059 

.21489 

1.23084 

1.24844 

26.0 

1.15738 

1.15820 

1.16065 

1.16475 

1.17049 

1.17788 

1.18691 

1.19760 

1.20994 

.22392 

1.23954 

1.25678 

27.0 

1.16828 

1.16908 

1.17147 

1.17546 

1.18106 

1.18826 

1.19707 

1.20750 

1.21956 

.23322 

1.24851 

1.26539 

28.0 

1.17942 

1.18020 

1.18253 

1.18642 

1.19187 

1.19889 

1.20749 

1.21767 

1.22943 

.24279 

1.25773 

1.27426 

29.0 

1.19081 

1.19156 

1.19383 

1.19762 

1.20293 

1.20977 

1.21815 

1.22808 

1.23956 

.25261 

1.26722 

1.23339 

30.0 

1.20242 

1.20315 

1.20536 

1.20905 

1.21422 

1.22088 

1.22905 

1.23873 

1.24994 

.26267 

1.27695 

1.29276 
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to   horizontal   span   length 


span    (percent) 


60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

1.16636 

1.19284 

1.22080 

1.25014 

1.28075 

1.31256! 

1.34547 

1.37941 

1.41431 

1.45009 

1.48669 

1.52405 

1.56212 

1.16657 

1.19304 

1.22099 

1.25031 

1.28091 

1.31271 

1.34561 

1.37954 

1.41443 

1.45020 

1.48679 

1.52414 

1.56221 

1.16686 

1.19331 

1.22124 

1.25055 

1.28113 

1.31291 

1.34580 

1.37972 

1.41459 

1.45035 

1.48693 

1.52428 

1.56233 

1.16724 

1.19367 

1.22157 

1.25085 

1.28142 

1.31318 

1.34605 

1.37995 

1.41480 

1.45055 

1.48711 

1.52445 

1.56249 

1.16770 

1.19410 

1.22197 

1.25123 

1.28177 

1.31350 

1.34635 

1.38023 

1.41506 

1.45079 

1.48734 

1.52465 

1.56268 

1.16825 

1.19461 

1.22245 

1.25167 

1.28218 

1.31389 

1.34670 

1.38056 

1.41537 

1.45107 

1.48760 

1.52490 

1.56291 

1.16888 

1.19520 

1.22300 

1.25218 

1.28266 

1.31433 

1.34712 

1.38094 

1.41572 

1.45140 

1.48791 

1.52518 

1.56317 

1.16959 

1.19587 

1.22362 

1.25276 

1.28320 

1.31483 

1.34758 

1.38137 

1.41612 

1.45177 

1.48825 

1.52550 

1.56347 

1.17039 

1.19661 

1.22432 

1.25341 

1.28380 

1.31539 

1.34810 

1.38185 

1.41657 

1.45219 

1.48864 

1.52586 

1.56380 

1.17127 

1.19744 

1.22509 

1.25413 

1.28447 

1.31601 

1.34868 

1.38239 

1.41707 

1.45265 

1.48907 

1.52626 

1.56417 

1.17223 

1.19834 

1.22593 

1.25491 

1.28520 

1.31669 

1.34931 

1.38297 

1.41761 

1.45315 

1.48953 

1.52669 

1.56457 

1.17328 

1.19932 

1.22684 

1.25577 

1.28599 

1.31743 

1.34999 

1.38361 

1.41820 

1.45370 

1.49004 

1.52717 

1.56501 

1.17441 

1.20037 

1.22783 

1.25669 

1.28685 

1.31822 

1.35073 

1.38430 

1.41884 

1.45430 

1.49059 

1.52768 

1.56549 

1.17562 

1.20151 

1.22889 

1.25768 

1.28777 

1.31908 

1.35153 

1.38504 

1.41953 

1.45493 

1.49119 

1.52823 

1.56600 

1.17691 

1.20272 

1.23003 

1.25873 

1.28875 

1.32000 

1.35238 

1.38583 

1.42026 

1.45561 

1.49182 

1.52881 

1.56654 

1.17829 

1.20401 

1.23123 

1.25986 

1.28980 

1.32097 

1.35329 

1.38667 

1.42104 

1.45634 

1.49249 

1.52944 

1.56713 

1.17975 

1.20538 

1.23251 

1.26105 

1.29091 

1.32201 

1.35425 

1.38756 

1.42187 

1.45711 

1.49321 

1.53010 

1.56774 

1.18129 

1.20682 

1.23386 

1.26231 

1.29209 

1.32310 

1.35527 

1.38851 

1.42275 

1.45793 

1.49397 

1.53081 

1.56840 

1.18291 

1.20834 

1.23528 

1.26364 

1.29333 

1.32425 

1.35634 

1.38951 

1.42368 

1.45879 

1.49476 

1.53155 

1.56909 

1.18461 

1.20994 

1.23678 

1.26504 

1.29463 

1.32547 

1.35747 

1.39055 

1.42465 

1.45969 

1.49560 

1.53233 

1.56981 

1.18640 

1.21161 

1.23835 

1.26650 

1.29599 

1.32674 

1.35865 

1.39166 

1.42568 

1.46064 

1.49649 

1.53315 

1.57057 

1.18826 

1.21336 

1.23998 

1.26803 

1.29742 

1.32807 

1.35989 

1.39281 

1.42675 

1.46164 

1.49741 

1.53401 

1.57137 

1.19021 

1.21519 

1.24170 

1.26963 

1.29892 

1.32946 

1.36118 

1.39401 

1.42787 

1.46268 

1.49838 

1.53491 

1.57221 

1.19223 

1.21709 

1.24348 

1.27130 

1.30047 

1.33091 

1.36254 

1.39527 

1.42903 

1.46376 

1.49939 

1.53585 

1.57308 

1.19434 

1.21907 

1.24533 

1.27304 

1.30209 

1.33242 

1.36394 

1.39658 

1.43025 

1.46489 

1.50044 

1.53682 

1.57399 

1.19652 

1.22113 

1.24726 

1.27484 

1.30378 

1.33399 

1.36540 

1.39794 

1.43152 

1.46607 

1.50153 

1.53784 

1.57493 

1.19878 

1.22325 

1.24926 

1.27671 

1.30552 

1.33562 

1.36692 

1.39935 

1.43283 

1.46729 

1.50267 

1.53890 

1.57592 

1.20112 

1.22546 

1.25132 

1.27864 

1.30733 

1.33731 

1.36850 

1.40082 

1.43420 

1.46856 

1.50385 

1.53999 

1.57693 

1.20354 

1.22774 

1.25346 

1.28065 

1.30921 

1.33906 

1.37013 

1.40234 

1.43561 

1.46988 

1.50507 

1.54113 

1.57799 

1.20604 

1.23009 

1.25567 

1.28272 

1.31114 

1.34087 

1.37181 

1.40391 

1.43707 

1.47124 

1.50634 

1.54231 

1.57909 

1.20861 

1.23251 

1.25795 

1.28486 

1.31314 

1.34274 

1.37356 

1.40553 

1.43858 

1.47264 

1.50765 

1.54352 

1.58022 

1.21127 

1.23501 

1.26030 

1.28706 

1.31521 

1.34466 

1.37536 

1.40721 

1.44015 

1.47410 

1.50900 

1.54478 

1.58139 

1.21399 

1.23759 

1.26273 

1.28933 

1.31733 

1.34665 

1.37721 

1.40894 

1.44176 

1.47560 

1.51039 

1.54608 

1.58260 

1.21680 

1.24023 

1.26522 

1.29167 

1.31952 

1.34870 

1.37912 

1.41072 

1.44342 

1.47715 

1.51183 

1.54742 

1.58384 

1.21968 

1.24295 

1.26778 

1.29408 

1.32178 

1.35081 

1.38109 

1.41256 

1.44513 

1.47874 

1.51332 

1.54880 

1.58513 

1.22263 

1.24575 

1.27041 

1.29655 

1.32409 

1.35298 

1.38312 

1.41445 

1.44689 

1.48038 

1.51485 

1.55022 

1.58645 

1.22566 

1.24861 

1.27311 

1.29908 

1.32647 

1.35520 

1.38520 

1.41639 

1.44870 

1.48207 

1.51642 

1.55169 

1.58782 

1.22877 

1.25154 

1.27587 

1.30169 

1.32892 

1.35749 

1.38734 

1.41839 

1.45057 

1.48380 

1.51804 

1.55319 

1.58922 

1.23194 

1.25455 

1.27871 

1.30436 

1.33142 

1.35984 

1.38953 

1.42044 

1.45248 

1.48559 

1.51970 

1.55474 

1.59066 

1.23852 

1.26078 

1.28459 

1.30989 

1.33662 

1.36471 

1.39410 

1.42470 

1.45646 

1.48930 

1.52316 

1.55796 

1.59366 

1.24538 

1.26728 

1.29074 

1.31569 

1.34207 

1.36983 

1.39889 

1.42918 

1.46064 

1.49320 

1.52679 

1.56135 

1.59682 

1.25253 

1.27406 

1.29715 

1.32174 

1.34777 

1.37518 

1.40390 

1.43387 

1.46503 

1.49730 

1.53062 

1.56492 

1.60014 

1.25995 

1.28112 

1.30384 

1.32805 

1.35372 

1.38077 

1.40915 

1.43879 

1.46962 

1.50159 

1.53462 

1.56865 

1.60362 

1.26765 

1.28845 

1.31078 

1.33462 

1.35991 

1.38660 

1.41462 

1.44392 

1.47442 

1.50608 

1.53881 

1.57256 

1.60727 

1.27562 

1.29604 

1.31799 

1.34145 

1.36635 

1.39267 

1.42032 

1.44927 

1.47943 

1.51076 

1.54319 

1.57665 

1.61109 

1.28386 

1.30389 

1.32546 

1.34852 

1.37304 

1.39897 

1.42625 

1.45483 

1.48465 

1.51565 

1.54776 

1.58092 

1.61507 

1.29235 

1.31200 

1.33318 

1.35584 

1.37997 

1.40551 

1.43241 

1.46062 

1.49008 

1.52073 

1.55251 

1.58536 

1.61922 

1.30111 

1.32037 

1.34115 

1.36342 

1.38714 

1.41228 

1.43879 

1.46662 

1.49572 

1.52602 

1.55746 

1.58999 

1.62354 

1.31011 

1.32898 

1.34937 

1.37123 

1.39455 

1.41929 

1.44541 

1.47285 

1.50157 

1.53150 

1.56260 

1.59480 

1.62804 
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Unit  No.  

Skyline  Road  No.  

DETERMINE  FROM  SKYLINE  PROFILE: 

Allowable  loaded  deflection  percent 

Horizontal  span  length  (one  station  =  100  feet)  stations 

Slope  of  span  percent 

GIVEN: 

Cable:   Diameter  inches  Weight  pounds/foot. 

Breaking  strength  kips  (1  kip  =  1,000  pounds) 

Factor  of  safety  Safe  working  load  kips 

Skyline  carriage  weight  kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILITY: 

Safe  working  load  (given)  kips 

Subtract  tension  due  to  cable  weight  (fig.  11  or  table  2): 

kips/sta. /lb  . /f  t .  x  stations  x  lbs. /ft.  -  ^^^^  kips 

Remaining  cable  tension  capability  kips 

DETERMINE  GROSS  LOAD  CAPABILITY: 


Remaining  tension  capability  kips 


kips 


Tension/kip  of  load"'  kips/kip 

Subtract  carriage  weight  -  ^^^^  kips 

Payload  capability  kips 

DETERMINE  UNLOADED  DEFLECTION: 
Calculate  load  factor: 

Remaining  cable  tension  capability  kips 


Tension  due  to  cable  weight  kips /s ta. /lb . /f t .  x  lb. /ft. 

Allowable  loaded  deflection  percent 

Subtract  deflection  change  with  load  removed  (figs.  14  to  29)  -  percent 

Unloaded  deflection  percent 

DETERMINE  UNLOADED  TENSION  USING  UNLOADED  DEFLECTION  (fig.  11  or  table  2): 

^____  kips/sta. /lb. /ft .  x  stations  x  pounds/foot  kips 

■  Use  figure  12  or  table  3  when  load  is  not  clamped  and  Is  partially  supported  by  a 
snubbing  line.   Use  figure  13  or  table  4  when  the  load  is  clamped  to  the  skyline. 


Figure  30. --Single-span  skyline  worksheet. 
40 


Unit  No. 
Skyline  Road  No. 


DETERMINE  FROM  SKYLINE  PROFILE: 

Span  location  Span  No.  

Loaded-midspan  deflection  percent 

Horizontal  span  length  (one  station  =  100  feet)  ^____  stations 

Slope  of  span  percent 

Vertical  distance  from  top  of  span  to  top  of  skyline  ^___  feet 

GIVEN: 

Cable:   Diameter  inches  Weight  pounds/foot 

Breaking  strength  kips  (1  kip  =  1,000  pounds) 

Factor  of  safety  Safe  working  load  kips 

Skyline  carriage  weight  kips 

DETERMINE  REMAINING  CABLE  TENSION  CAPABILITY: 

Safe  working  load  (given)  kips 

Subtract  tension  between  span  and  top  of  skyline: 

Vertical  distance  ft.  x lbs  . /ft . /1 ,000  -  ^^^  kips 

Safe  working  load  at  top  of  span  kips 

Subtract  tension  due  to  cable  weight  (fig.  11  or  table  2): 

kips/sta. /lb. /f  t .  x  stations  x  lb. /ft.  -  ^^^^  kips 

Remaining  cable  tension  capability  kips 

DETERMINE  GROSS  LOAD  CAPABILITY: 


Remaining  tension  capability  kips 


kips 


Tension/kip  of  load  '" kips/kip 

Subtract  carriage  weight                                                  -  ^^^^  kips 
Payload  capability  of  span  kips 

''"Use  figure  12  or  table  3  when  load  is  not  clamped  and  is  partially  supported  by 
snubbing  line.   Use  figure  13  or  table  4  when  load  is  clamped  to  skyline. 


Figure  31  .--Multispan  skyline  worksheet. 
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The  FOREST  SERVICE  of  the 
U.  S.  DEPARTMENT  OF  AGRICULTURE 
is  dedicated  to  the  principle  of  mul- 
tiple use  management  of  the  Nation's 
forest  resources  for  sustained  yields 
of  wood,  water,  forage,  v/ildlife,  and 
recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private 
forest  owners,  and  management  of 
the  National  Forests  and  National 
Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing   Nation. 
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Machine  rates  were  developed  from  data 
supplied  by  equipment  dealers,  manufacturers, 
and    logging  operators. 
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Summary 


This  study  has  identified  the  variable  factors 
affecting  production  rates  of  commercial  thin- 
ning and  gives  a  basis  for  estimating  logging 
costs  over  a  wide  range  of  situations.  Time 
studies  were  made  of  the  individual  steps  in 
commercial  thinning  operations:  felling,  buck- 
ing, skidding,  and  loading.  Equations  were 
developed  expressing  time  study  results  in 
terms  of  (1)  log  and  tree  volume  in  cubic  feet 
and  board  feet,  (2)  several  stand  variables, 
and  (3)  alternative  types  of  logging  equipment. 

Labor  costs  and  machine  rates  were  ap- 
plied to  the  times  per  unit  of  production  to 
give  direct  costs  of  logging,  by  log  size.  By 
combining  direct  logging  costs  with  overhead, 
road  construction,  and  other  fixed  costs,  the 
total  logging  costs  can  be  estimated. 

The    specific   findings   of    this   study   were: 

1.  After    an     initial    thinning,    some    cost 
^         savings  can  be  expected  in  subsequent 

thinnings. 

2.  Low  volumes  per  turn  or  per  log  tend 
to   give    sharply    increased    unit   costs. 

3.  Under    favorable    conditions,    logs    as 
small    as  2.5  cubic    feet  or    10    board 


feet  can  be  carried  along  with  turns 
of  larger  logs  at  no  additional  cost 
for  a  portion  of  the  skidding  cycle. 
By  themselves,  these  logs  would  be  un- 
economic,- however,  under  the  condi- 
tions described,  they  are,  in  effect, 
bonus  logs. 
4.  All  logs  other  than  bonus  logs  must 
bear  the  direct  costs  for  the  full  amount 
of  their  handling  from  the  woods  to 
the  mill.  If  it  is  assumed  that  log 
value  at  the  mill  is  $55  per  thousand 
board  feet,  the  lower  limit  of  economic 
merchantability  under  the  conditions 
studied,  which  included  400  feet  of 
skidding,  a  30-mile  truck  haul,  and  no 
stumpage  charge,  would  be  approx- 
imately 7  cubic  feet  or  30  board  feet. 

Other  considerations  can  also  influence  log- 
ging utilization  and  the  marginal  log  decision. 
The  landowner,  for  example,  may  hove  a  spe- 
cial concern  over  controlling  the  amount  of 
slosh  left  on  the  ground,  the  general  appear- 
ance of  the  landscape,  or  the  relation  between 
logging  utilization  and  site  preparation  for 
the  new  crop. 


Ill 


Introduction 


This    study  deals  with   commercial   thinning 

undertaken  not  only  as  a  cultural  measure  but 
also  as  a  business  activity.  The  emphasis  here 
is  on  thinning  as  a  form  of  extra  yield  and 
extra  current  income,  with  thinning  costs  an 
important  factor  in  determining  the  feasibility 
of  marketing  and  utilization  of  such  material 
(figs.    1    and   2). 

The  general  silvicultural  and  economic  basis 
for  thinning  Douglas-fir,  together  with  discus- 
sion of  marking  guides,  has  been  treated  else- 
where  (Worthington  and    Staebler    1961). 


Figure  1.— Commercial  thinnings  add  to 
the  region's  annual  cut.  Sow 
logs  ore  the  principol  product. 


re  2.— A  65-hp.  tractor  decks  saw  logs 
at  edge  of  the  landing. 
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Description  of  Field  Studies 

This  study  was  conducted  during  the  per- 
iod 1961  to  1965  on  commercial  thinning  op- 
erations in  western  Washington  and  western 
Oregon.  Operations  were  near  the  following 
locations,  with  cooperating  landowners  as 
shown: 

Vernonia,  Oregon  (Crown  Zellerbach  Corp.) 
Sheridan,    Oregon    (U.S.    Bureau    of    Land 

Management) 

Carlton,     Oregon     (Willamette     Industries, 

Inc.) 

Puyallup,  Washington  (St.  Regis  Paper  Co.) 
Shelton,  Washington  (Simpson  Timber  Co.) 
Cathlamet,   Washington  (Crown  Zellerbach 

Corp.) 

Study  areas  were  selected  to  represent 
moderately  even-age  stand  conditions,  with 
slopes  generally   under  40  percent. 


Age  of  stands  varied  between  35  and  7S 
years.  Timber  volumes  averaged  6,993  net 
cubic  feet  per  acre  (trees  5  inches  and  larger, 
d.b.h.')  in  the  stands  that  had  not  been  thinned 
previously,  and  6,526  net  cubic  feet  per  acre 
in  those  stands  previously  thinned  (table  1) 
Corresponding  net  board-foot  volumes  were 
31,195  and  30,535  board  feet  per  acre,  re- 
spectively (Scribner  scale-,  trees  1 1  inches  and 
larger  d.b.h.). 

Skidding,  commonly  called  yarding,  was 
by  40-  to  65-horsepower  crawler  tractors  or 
by  four-wheeled  rubber-tired  skidders.  The 
designated  horsepower  refers  to  net  engine  or 
belt  horsepower.'^  Except  for  a  few  scattered 
observations,  the  crawler  tractors  were  equipped 
with    bulldozer  blade  and  arch. 


Table   1  .—Stand  characteristics  of  study  settings^ 


Stand  characteristics^ 


Number  of 
settings 


Range 


Net    volume    per    acre: 



Cubic     feet 

Unthinned 

19 

6,993 

3,289  to    12,011 

Previously    thinned 

16 

6,526 

3,176    to  9,980 

Basal    area    per    acre: 



Square    feet   — 

Unthinned 

19 

188 

91    to  260 

Previously  thinned 

16 

167 

84  to  248 

Trees    per   acre: 



—  Number  —  —  —  —  — 

Unthinned 

19 

206 

43  to  418 

Previously    thinned 

16 

154 

65  to  333 

Average    stand    d.b.h.: 

1       u 

Unthinned 

19 

14.0 

8.9  to   19.6 

Previously     thinned 

16 

14.6 

11.3  to   18.2 

Average  volume   of  thinned 
material,     per    log:*^ 



Cubic     feet 

Unthinned 

10 

20.1 

10.4  to  27.5 

Previously    thinned 

9 

25.2 

19.0  to  33.1 

1   For    trees    5    inches 

d.b.h. 

and    larger. 

2   Before   present   thinning 

^   Records    of    total     output 

able   from    only    19  of   the  35 


and    total  number   of  logs  per  setting  were   avail- 
study   settings,    due   to   work    interruptions. 


1    D.b.h.    =    diameter   breast   height. 

-   Board-foot  volumes  throughout  this  report  are   in  Scribner 
scale. 


•'  Net  engine  horsepower  is  used  in  this  report.  Draw- 
bar horsepower,  another  commonly  used  measure,  is  usually 
around    80     percent    of    net    engine    horsepower. 


The  length  of  most  logs  cut  in  the  study 
areas  varied  from   28  to  40  feet. 

All  logs  included  in  the  study  were  scaled 
in  both  board  feet  and  cubic  feet.  Cubic- 
foot  log  volumes  were  determined  from  tables 
based  on  small-end  diameters  and  an  average 
taper  of  1  inch  in  10  feet,  or  1  inch  in  11  feet, 
depending  on  sample   taper   measurements. 

Stopwatch  time  studies  were  made  of  the 
individual  steps  in  the  logging  process:  Fel- 
ling, limbing  and  bucking,  tractor  travel  from 
the  landing,  choker  setting,  skidding,  unhook- 
ing and  decking,  and  loading.  These  times 
and  the  corresponding  production  rates  were 
then  related  to  such  factors  as  log  volume, 
skidding  distance,  volume  per  turn,  and  whether 
or  not  the  stand  had  been  previously  thinned. 
In  addition,  records  were  kept  of  total  pro- 
duction and  total  man-hours  and  machine-hours 
for    15   of  the  study  settings. 

Objectives  of  the  Study 

General  objectives  of  the  study  were  to 
develop  an  economic  basis  for  evaluating  com- 
mercial thinning  opportunities  and  to  provide 
guidelines  for  development  of  more  efficient 
logging  methods,  utilization  standards,  and 
plan  of  operations. 

Specific    objectives  were: 

1.  To  determine  production  rates  for  in- 
dividual steps  in  the  logging  operation, 
as  related  to  operating  methods  and 
stand  factors,  and  to  compare  pro- 
duction rates  in  previously  thinned  and 
unthinned  stands  of  the  some  stand 
size  or  density. 

2.  To  determine  production  rates  for  in- 
dividual logs  of  different  sizes  and  for 
different     stand    characteristics. 

3.  Using  these  production  rates,  to  develop 
representative  logging  costs  for  deter- 
mination of  marginal  log  size  under 
different    operating    conditions. 


Time  Study 

of  Individual 

Logging   Operations 


Stepwise  multiple  regression  was  used  to 
develop,  for  each  step  of  logging,  the  func- 
tional relationship  of  time  to  specified  var- 
iables. The  stepwise  technique  provides  for 
successively  including  additional  variables,  in 
the  order  in  which  they  contribute  most  toward 
reduction  of  variance.  Variables  not  making 
a  significant  contribution  toward  reduction  of 
variance   were    eliminated   from   the   analysis.' 

Number  of  observations  for  each  function 
were  as  follows: 

Number   Unit 
607        Trees 


Felling,  limbing,  bucking 

Skidding: 

65-hp.   crawler  236 

50-hp.   crawler  96 

60-hp.  four-wheel    skidder  296 

Loading  53 

The   following  symbols  are  used    in  the  re- 
gression   equations: 


Turns 


Loads 


B 

C 


D 
H 

M 


N 
P 


^  The  0.15  probability  level  was  used  to  define  sig- 
nificance of  variables.  All  but  two  variables  were  also 
significant  at  the  0.10  probability  level.  These  variables 
were    PD    in    equation    11    and     D-    in     equation    13    (p.  7  ). 


s    = 


T,    = 


T,    = 
T,    = 


Number  of  bucking  cuts  after  felling 
Use  of  extra  man  (other  than  tractor 

operator)  for  setting  or  releasing 

chokers    (coded    as:      no    =    0, 

or  yes    = 1 ) 
Distance  in  feet 
D.b.h.   in   inches 
Ordinal    number  of   thinning  (1    = 

first    thinning,    2    =    subsequent 

thinning) 
Number   of  logs  per  turn 
Skidding  of  poles  over  48    feet  in 

length   (coded    as:     no   =    0,  or 

yes   =    1) 
Hundred    cubic    feet    removed    per 

acre 
Number   of  trees  per  acre,  before 

cut 
Number  of  trees  per  acre,  after  cut 
Number  of  trees  cut   per  acre 
Volume   per    turn,   in  cubic  feet 


Vj  =  Volume  per  turn,  in  board  feet, 
Scribner  scale 

Y  =  Time  per  tree,  or  per  turn,  for  in- 
dicated operation,    in   minutes 

•^1  =  Direct  cost,  in  dollars  per  unit  vol- 
ume 

■^2  =  Total  cost,  in  dollars  per  unit  vol- 
ume 


Felling  and  Bucking  Time 

Equations,  or  the  mean  value,  in  the  case 
of  swamping,  for  felling  and  bucking  time  per 
tree  (figs.   3,  4,  and  5)   were: 

(1)  Walking  to  tree 

Y  =  2.332  -  0.01033r,  +  0.0000182(r,)' 

-   0.01235^3 
R'  =  0.0829**' 

Walking   time    per  tree  first  decreased   as 
number    of  trees  per  acre   increased,   be- 


cause trees  to  cut  were  closer  together, 
then  increased  after  a  point  where  the 
greater  density  of  trees  interfered  with 
travel. 

(2)  Swamping 

Swamping  is  the  clearing  away  of  brush 
and  branches  that  would  interfere  with  the 
felling  operation.  Due  to  the  low  coefficient 
of  determination  in  the  regression  of  swamp- 
ing time  in  relation  to  number  of  trees  per 
acre,  the  simple  mean  of  0.21  minute  per 
tree  was  used. 

(3)  Felling 

Y  =   0.5599  +  0.004 19H' 
R'  =   0.4524** 

(4)  Limbing  and   bucking 

Y  =   0.7815  +  0.00681H'  +   1.123B 
R'  =   0.6676** 


^  For  this  and  succeeding  regressions,  R^  is  the  coefficient 
of  deternnination;  **  indicates  significance  at  0.01  prob- 
ability level;  *  indicates  significance  at  the  0.05  proba- 
bility level. 
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Figure  3.— Walking    time  per   tree,  by  number  of  trees  per   acre  and   number   cut  per  acre. 
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Figure   4.— Felling   time    per   tree,    by    d.b.h. 
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Figure   5.— Limbing   and   bucking   time   per  tree,   by    d.b.h.   and    number  of  buck.ng    cuts  after 
felling. 


Outrun  Time  Empty 

This  is  the  time  per  turn  taken  by  the 
tractor  as  it  moves  out  from  the  landing  to 
pick  up  o  turn  of  logs  (fig.  6).  The  four- 
wheel  skidder,  although  potentially  a  faster 
machine,  was  apparently  no  faster  than  the 
small  crawler.  This  can  often  be  the  result 
when  there  are  no  well-defined  skidtrails,  or 
when  skidtrails  are  not  well  developed.  The 
small  crawler  appeared  slightly  faster  than  the 
larger  tractor,  probably  because  its  use  tended 
to  be  assigned  to  easier  ground.  This  might 
be  the  case,  for  example,  when  an  operator 
has  both  a  large  and  a  small  machine  working 
together. 

Outrun  times  empty  were: 

(5)  65-hp.   crawler 

Y  =    1.341    +. 0.004 1360 
R'  =   0.3896** 

(6)  50-hp.   crawler 

Y  =    1.044  +  0.002866D 
R'  =  0.5390** 


(7)   60-hp.   four-wheel  skidder 
Y   =   0.8534  +  0.00295  ID 
R-  ==    0.3487** 


Choker-Set  Time 

Choker-set  time  (fig.  7)  includes  positioning 
the  tractor,  carrying  out  chokers,  reeling  in, 
and    hooking.      These    times,    per   turn,    were: 

(8)  65-hp.  crawler 

Y  =   -  ]  .084  +  2.650A^  -  0.004775iV7', 

-   0.4342NC  +  0.00004951(7',)' 
R'  =   0.4314** 

(9)  50-hp.   crawler 

Y  =   0.6762  +   ].334N 
R'  =    0.4766** 

(10)  60-hp.  four-wheel  skidder 

Y  =    1.230  +  0.6952N  +  0.00243  lA^r, 
R'  =   0.3198** 
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Figure   6.— Outrun    time    empty   per   turn,   by    slope    distance    and     type    of    skidding    machine. 
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Skidding  Time 

Skidding    times   per    turn    (fig.    8)    for  the 
three  types  of  skidding  equipment  were: 

(1 1)  65-hp.  crawler 

Y  =    1.220  +  0.00577  ID  +  0.001 907PI> 
R'  =  0.3921** 

(12)  50-hp.  crawler,  cubic  feet 

Y  =    1.909  +  0.005 197Z)  +  0.036661/, 

-  0.0001 250CF,)'  +  0.0032377^2 
R'  =   0.7408** 

(13)  60-hp.  four-wheel  skidder,  cubic  feet 

Y  =   -  0.08486  +  0.0O3425I' 

-  0.000001 057/)==  +  0.009834y, 
+   0.002964^2 

R'=  0.3466** 


(14)  50-hp.   crawler,   board   feet 

F   =    -   0,9238  +  0.005162/? 

+    0,002705F2  +  0.003279^2 
R'  =   0.7430** 

(15)  60-hp.  four-wheel   skidder,  board  feet 
Y   =    0.04807  +  0.0O3502D 

^   0.000001096/?^  +  0.001777^2 
+    0.00307972 
R'  =   0.3483** 


.i     4 
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Figure  8.— Skidding  time  per  turn,    by  slope  distance   and    type    of   skidding    machine. 


Unhooking  and  Decking   Time 

Unhooking  and  decking  time,  per  turn  (fig. 
9),  were  measured  together  as  a  single  item, 
as  follows: 

(16)  65-hp.    crawler,   cubic   feet 

Y  =   0.5228  +  0.009761  F, 

+    0.04287N^    =   0.2094CiV 
R'  =   0.3590** 

(17)  50-hp.   crawler 

Y  =    0.7884  +  0.39147V 
R'  =   0.5919** 

(18)  60-hp.  four-wheel  skidder 

Y  =    1.054  +  0.2627N 
R"-  =   0.1091** 

(19)  65-hp.  crawler,  board  feet 

Y  =    0.6392  +  0.001 42 IF2 

+    0.0485A?'  -   0.1838CA^ 
R"'  =   0.3428** 


Unhooking  time  for  the  65-hp.  crawler  was 
significantly  less  with  a  separate  man  to  re- 
lease the  chokers  (fig.  10).  The  difference  was 
greater  with  a  larger  number  of  logs  because 
then  the  chokers  were  more  apt  to  bind  and 
require  "shaking"  of  the  turn  by  the  tractor 
operator. 

Extra  time  for  unhooking  and  decking  poles, 
which  generally  were  placed  in  a  separate  pile 
parallel  to  the  truck  road,  averaged  0.082  min- 
ute per  cubic  foot,  or  0.017  minute  per  board 
foot  (fig.  11).  This  was  an  average  for  all 
three   types    of  skidding    machine. 


4  6 

Number  of  logs 

Figure  9.— Unhooking   and   decking   time   per    turn,    by  number   of  logs  and    type  of  skidding 
machine. 
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Figure   10.— Unhooking    and   decking   time   per  turn,   by   number  of    logs,   showing  difference 
with    separate   man   to   release   chokers. 


Figure    1 1  .—Poles  and   piling    are  decked  alongside  the   road. 


Loading 

Loading  may  be  carried  out  each  day  along 
with  skidding  or,  on  other  operations,  logs  may 
be  decked  for  one  or  more  settings  and  loaded 
later  in  a  continuous  operation  (figs.  12  and  13). 

Loading  by  Industrial  landowners  was  with 
modern,  high-speed  equipment  having  auto- 
matic tongs  and  dipper-stick  boom  arrangement. 

Contractors  generally  had  slower  equipment 
and  used  tongs  or  grapple.  Ail  but  one  con- 
tractor used  a  separate,  shovel-type  loader, 
either  track-mounted  or  on  rubber  tires.  The 
one  exception  used  a  crawler-type  forklift 
loader. 


Loading  times  were  recorded  in  two  parts: 
fixed  time  per  load  for  positioning,  coupling, 
and  binding  off  the  trailer,  and  direct  loading 
time.     Averages  were  calculated  as  follows: 


Fixed   time            Direct   loading 
per   load               time   per   log 

—  —  —       (Minutes)       —   —  — 

Long    logs    (24-48   feet): 

Industrial   landowners 

11.4                         0.60 

Contractors 

16.3                         1.33 

8-foot    wood 

13.8                          .32 

10 


Figure   12.— Some   firms  delay    loading  until  skidding  on  a  given  setting  or  spur  is  completed, 
then   load  and   haul   with    large   mobile  equipment. 


Figure    13.— Loading    two    or   three    logs   at   once    saves   time    with    small    logs. 
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Delay  Time  Factors 

Besides  the  working  times  developed  in  all 
of  the  foregoing  equations  or  average  times, 
delay  times  must  also  be  considered.  The 
following  factors  for  operating  delays  were 
developed.  For  simplification  these  are  ex- 
pressed as  proportional  to  nondelay  time  for 
the  various   operations. 

Operation  Delay    time    factor 
Felling,  limbing,   and   bucking  0.596 

Skidding,  complete  cycle  0.385 

Loading  0.123 

Breakdown  and  other  types  of  nonoperoting 
delay,  such  as  moving  to  new  settings,  shut- 
down for  weather,  or  for  major  repairs,  were 
taken  into  account  in  estimating  the  number 
of  working  days  per  year.  Basis  for  classifi- 
cation of  delays  is  discussed  by  Matthews  (1942, 
pp.   73-90)   and   Lussier(1961,   pp.   85-87). 


12 


Comparison  of  First  and 
Subsequent  Thinnings 


Up  to  this  point,  the  concern  has  been  with 
time  and  volume  of  individual  turns,  trees,  or 
logs.  On  such  a  basis,  no  significant  difference 
was  found  in  the  time  for  any  observed  ele- 
ment of  the  logging  cycle,  as  between  first  and 
subsequent  thinnings.  However,  there  was  a 
significant  difference  in  cost  per  hundred  cubic 
feet  when  cost  was  related  to  total  time  and 
output  per  setting."  That  is,  the  aggregate 
felling  and  skidding  costs  were  $3.52  less  per 
hundred  cubic  feet  for  the  previously  thinned 
settings  than  on  the  settings  which  had  never 
been  thinned  before.  The  regression  equation 
(fig.    14)  of  cost  per   hundred  cubic   feet  was: 


"  Data  on  total  time  and  output  were  collected  on  15 
of  the  study  settings.  In  the  comparison  of  first  and 
subsequent  thinnings,  the  total  time  included  the  time  to 
lay  out  and  clear  skidtrails  and,  in  some  cases,  to  de- 
velop or  enlarge  landings.  The  aggregate  felling  and 
skidding  cost  includes  the  cost  of  the  crew  and  equip- 
ment   for     the     total    time    they    were    on    the    setting. 


(20)  Z, 


13.80  +  9.588 
0.5830* 


(^) 


3.520M 


Both  the  factors,  S  (hundred  cubic  feet 
removed  per  acre)  and  M  (ordinal  number  of 
thinning  (coded  as  1  or  2),  were  significant 
at  the  0.05  probability  level. 

A  corresponding  regression  analysis  of  ag- 
gregate felling  and  skidding  cost  per  thousand 
board  feet,  related  to  thousand  board  feet  re- 
moved per  acre,  and  ordinal  number  of  thinning, 
showed  neither  element  to  be  statistically  sig- 
nificant. In  small-diameter  timber,  there  is  con- 
siderable variability  in  the  ratio  of  board-foot 
measure  to  solid  contents  of  the  tree  or  log. 
Thus,  it  is  possible  to  hove  significant  cost  dif- 
ferences on  a  cubic-foot  basis,  when  related  to 
volume  cut  per  acre,  but  not  on  a  board-foot 
basis. 
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Figure   14.— Aggregate  felling    and   skidding   cost  per  hundred  cubic    feet  for  first  and    sub- 
sequent thinnings,    related   to  cut  per  acre.  ,0 


Direct  Costs  of 
the  Skidding  Cycle 


Direct  costs  are  those  incurred  when  a 
specific  action  is  performed,  such  as  skidding 
a  turn  of  logs.  These  are  to  be  distinguished 
from  fixed  costs,  or  overhead  costs,  which  are 
incurred  in  a  fixed  manner,  such  as  per  year  or 
per  setting,  and  which  are  not  related  directly 
to   any   specific  action. 

For  example,  the  direct  cost  of  an  individual 
turn  of  logs  includes  the  cost  of  labor  and  equip- 
ment time  necessary  to  bring  in  that  turn  of 
logs.  Excluded  are  fixed  costs  of  supervision, 
cruising,  scaling,  office  overhead,  roodbuilding, 
road  maintenance,  slash  disposal,  fire  pro- 
tection, and  engineering.  Also  excluded  ore 
costs  of  moving  in  and  landing  construction. 
These  fixed  costs  must  be  borne  by  the  oper- 
ation as  a  whole. 

The  direct  costs  incurred  in  the  skidding 
cycle  are  those  associated  with  skidding-ma- 
chine  outrun,  choker  setting,  skidding,  unhook- 
ing, and  decking.  A  comparison  of  direct  skid- 
ding-cycle  costs,  based  on  log  volume,  shows 
sharply  rising  costs  for  low-volume  logs  (figs. 
15  and  16).  The  same  effect  is  evident  for 
low-volume    turns  (figs.    17    and    18). 

The  concept  of  direct  costs,  by  log  size  or 
turn  size,  avoids  the  use  of  an  average  cost 
for  all  sizes  and  focuses  attention  on  the  var- 
iation  in  these   costs. 

Note  that  the  hourly  machine  rates  used  in 
calculating  equipment  costs  cover  not  only  fuel 
and  labor  but  also  the  full  hourly  machine  rate 
for  equipment,  including  such  things  as  depre- 
ciation and  related  items  of  interest,  taxes, 
and  insurance.'     See  appendix  tables  6  to  15. 


Direct  costs,  as  calculated  here,  also  in- 
clude the  cost  of  a  share  of  delay  time,  be- 
cause the  small  operating  delays  observed 
occurred  so  frequently  that  the  decision  was 
made  to  treat  them  as  a  part  of  operating 
time.  These  delays  usually  cannot  be  avoided 
and  are  just  as  apt  to  occur  at  one  time  as 
another.  In  some  situations,  a  separation  of 
delay  and  operating  times  might  be  appro- 
priate.' 

Skidding  times  and  costs  per  log,  as  con- 
trasted to  per  turn,  were  derived  by  assuming 
turns  of  uniform  log  size  and  assigning  each 
log  an  equal    share  of   the  turn  time  and  cost. 

Skidding  costs  for  small  logs  were  relatively 
high  because  they  reflect  (1)  the  extra  time  for 
choking  and  unhooking  a  larger  number  of 
logs;  (2)  the  fact  that,  with  a  large  number  of 
small  logs  and  a  maximum  of  10  chokers,  it 
was  often  not  possible  to  assemble  a  full  load 
for  the  capacity  of  the  tractor.  Skidding  costs 
per  turn  were  calculated  on  the  basis  of  six 
logs  per   turn,  for  all  turn  volumes. 


'   For   '"'■'her   discussion   of    this    point,   see    Adams    (1965), 
pp.   2  and   36. 


"  For  example,  the  extra  cost  of  "bonus  logs,"  discussed 
later  in  this  report,  is  calculated  without  inclusion  of  any 
delay  limes. 
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Figure    15.— Direct    skidding-cycle    cost    per    hundred    cubic   feet    (for   distance    =     400   feet), 
based    on    log    volume,    by   type   of   skidding   machine. 
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Figure    16.— Direct   skidding-cycle    cost   per   thousand    board   feet  (for    distance    =    400  feet), 
based   on   log   volume    by   type    of  skidding   machine. 
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Figure   17.— Direct    skidding-cycle    cost    per    hundred    cubic   feel   (for   distance    =     400   feet), 
based    on  turn    volume,   by  type   of  skidding   machine. 
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Figure   18.— Direct    skidding-cycle    cost   per   thousand   board   feet  (for  distance    =    400  feet), 
based    on  turn  volume,  by  type    of  skidding   machine. 


Total   Direct  Logging  Costs 


In  addition  to  direct  costs  of  the  skidding 
cycle,  the  total  direct  logging  costs  include 
limbing  and  bucking,  loading,  and  hauling 
(tables  2,  3,  and   4;    figs.   19  and  20).' 

These  are  shown  by  log  volume,  for  rep- 
resentative skidding  distance  of  400  feet  and 
hauling  distance  of  30  miles.  Times  and  costs 
for  other  skidding  distances  are  shown  in  the 
appendix,   tables    16   to   24. 

Limbing  and  bucking  costs  were  determined 
from  regression  times  relating  to  d.b.h.  and 
number  of  bucking  cuts,  together  with  machine 
rate  for  one-man  powersaw  and  operator. 
Cubic-foot  and  board-foot  volumes  associated 
with  these  diameters  were  divided  into  cost  per 
tree    to   give  cost   per    unit  volume." 


Loading  costs  were  determined  from  aver- 
age loading  time  and  cost  per  log  divided 
by   log  volume. 

Representative  hauling  costs,  for  hauling 
distances  up  to  70  miles,  are  developed  in 
the  appendix,  tables   25  to  28. 


Table  2.— Total  direct  logging  costs  per  unit  volume  in  Douglas-fir   thinni 
ations,   by    function,  65-hp.   crawler  tractor,   1965' 


ng  oper- 


Volume 
per  log 

Number 
of   logs 
per  turn 

Function 

Limbing   and 
bucking 

Skidding 
(400  feet) 

Loading^ 

Hauling 
(30  miles) 

Total 

Cubic    feet: 
5 

s    per    100    cub 
4.00 

c   feet   

601 

10 

6.50 

13.20 

29.71 

10 

10 

3.50 

6.71 

2.00 

6.01 

18.22 

25 

10 

1.80 

2.81 

.80 

560 

11.01 

50 

6 

1.00 

1.67 

.40 

5.44 

8.51 

100 

3 

.75 

1.20 

.20 

5.43 

7.58 

150 

2 

.70 

1.10 

.13 

5.38 

7.31 

Board    feet:^ 

—    Dollar 

s    per    M     boarc 

i    feet    

20 

10 

13.60 

33.55 

10.00 

15.01 

72.16 

50 

10 

8  10 

1360 

4.00 

14.12 

39.82 

100 

10 

4.20 

6.96 

2.00 

12.28 

25.44 

200 

7.5 

2.40 

3.81 

1.00 

1079 

18.00 

500 

3 

2.30 

2.31 

.40 

8.57 

13.58 

^   Horsepower   is   net    engine   horsepower.      Costs   were     calculated    on    the     assumption    of     uniform    tog 
size   per   turn. 

^   Full-time   company   loading. 
^  Scribner  rule. 


'  Walking,  swamping,  and  felling  costs  ore  excluded 
here,  on  the  assumption  that  the  tree  is  already  felled, 
for  at  least  one  merchantable  log.  The  question  is,  "What 
is     the    cost    of     an    additional     log?" 


'  "  This  is  on  approximation  only,-  it  was  not  practical 
to  time  and  measure  or  scale  each  log  separately  during 
the  felling   operation. 
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Table  3.— Total  direct  logging  costs  per  unit  volume  in   Douglas-fir  thinning  opera- 
tions, by  function,  50-hp.  crawler  tractor,   1965^ 


Volume 
per   log 


Number 
of  logs 
per   turn 


Function 


Limbing   and 
bucking 


Skidding 
(400  feet) 


Loading^ 


Hauling 
(30   miles) 


Total 


Cubic  feet: 

10 

6.50 

Dollars 

per    100   cubic 

feet 

5 

942 

8.00 

6.01 

29.93 

10 

10 

3.50 

4.92 

4.00 

6.01 

18.43 

25 

6 

1.80 

2.37 

1.60 

560 

11.37 

50 

3 

1.00 

1.67 

.80 

5.44 

8.91 

100 

1.5 

.75 

1.32 

.40 

5.43 

7.90 

150 

1 

.70 

1.20 

.26 

5.38 

7.54 

Board   feet:3 

Dollars 

per    M    board 

feet 



20 

10 

13.60 

23.45 

20.00 

15.01 

72.06 

50 

10 

8.10 

9.76 

800 

14.12 

39.98 

100 

7 

4.20 

5.60 

4.00 

12.28 

26.08 

200 

3.5 

2.40 

3.84 

2.00 

10.79 

19.03 

500 

1.4 

2.30 

271 

.80 

8.57 

14.38 

1   Horsepower    is     net    engine    horsepower.      Costs    were    calculated    on     the    assumption    of    uniform     log 
size   per   turn. 

*   Part-time  contractor   loading. 
^   Scribner   rule. 


Table  4.— Total  direct  logging  costs  per  unit  volume  in  Douglas-fir  thinning  opera- 
tions, by  function,  60-hp.  four-wheel  skidder,   1965^ 


Volume 
per   log 


Number 
of  logs 
per   turn 


Function 


Limbing   and 
bucking 


Skidding 
(400  feet) 


Loading^ 


Hauling 
(30  miles) 


Total 


Cubic    feet; 

Dollars 

per     100 

cubic 

feet 

5 

10 

6.50 

8.10 

800 

6.01 

28.61 

10 

10 

3.50 

4.14 

4.00 

6.01 

17.65 

25 

6 

1  80 

209 

1.60 

5.60 

11.09 

50 

3 

1.00 

1.54 

.80 

5.44 

8.78 

100 

1.5 

.75 

1.26 

.40 

5.43 

7.84 

150 

1 

.70 

1.17 

.26 

538 

7.51 

Board     feet:^ 
20 

per    M     board 
20.00 

feet 

15.01 

10 

13.60 

20.25 

68.86 

50 

10 

8.10 

8.28 

8.00 

14.12 

3850 

100 

7 

4.20 

4.80 

4.00 

12.28 

25.28 

200 

3.5 

2.40 

3.41 

2.00 

10.79 

18.60 

500 

1.4 

2.30 

2.64 

.80 

8.57 

14.31 

^   Horsepower    is   net   engine   horsepower.      Costs   were    calculated    on     the     assumption    of    uniform    log 
size   per   turn. 

^   Part-time  contractor   looding. 
^  Scribner   rule. 
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Figure   19. — Total    direct  logging  cost    per  hundred  cubic  feet,  including  limbing  and  bucking, 
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Figure  20.— Total  direct  logging  cost  per  thousand  board  feet,  including  limbing  and  buck- 
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The  Marginal   Log   and  Tree 


The  marginal  log  is  one  that  just  pays 
its  way,  or  whose  value  is  just  equal  to  its  direct 
costs.  For  example,  if  the  pond  value  for 
small  logs  is  $50  per  thousand  board  feet  and 
logging  costs  ore  those  shown  in  figure  20, 
then  a  30-board-foot  log  is  the  marginal  log. 
Its  direct  cost,  to  the  log  pond,  just  equals 
its  pond  value.  Any  smaller  volume  log  costs 
more  per  thousand  board  feet,  and  any  larger 
volume  will  cost    less. 

Each  logging  manager  can  apply  his  own 
hourly  cost  rates  to  the  functional  times  de- 
veloped earlier  in  this  report,  or  to  his  own 
times,  to  determine  his  own  curve  of  total  di- 
rect costs  per  unit  volume  of  production.  The 
intersection  of  this  cost  curve  with  his  log  value 
curve  determines  the  marginal  log  size. 

The  marginal  tree,  as  distinguished  from  the 
marginal  log,  will  contain  at  least  one  log 
whose  value  is  just  equal  to  its  direct  costs, 
including,  in  this  case,  the  cost  of  the  felling 
operation  in  addition  to  the  other  direct  logging 
costs.  The  extra  cost  of  felling,  including 
walking  to  the  tree  and  swamping,  for  a  cut 
of  30  trees  per  acre  and  a  stand  of  200  trees 
per  acre,  is  estimated  from  the  regression  times 
as  follows: 


Tree  volume 

Felling   cost 

Cubic    feet: 

(Dollars 

per    100  cu.   ft.) 

5 

4.50 

10 

2.30 

25 

1.00 

50 

.60 

100 

.50 

150 

.45 

Board   feet, 

(Doll. 

ars 

per  M  bd.   ft.) 

Scribner   scale: 

20 

9.30 

50 

5.60 

100 

3.60 

200 

1.55 

500 

1.10 

Bonus  Logs  a  Special  Case 

Bonus  logs  are  considered  here  to  be  extra 
logs  that  are  skidded  with  an  otherwise  full 
or  nearly  full  turn,  where  larger  logs  are  not 
easily  available  to  complete  the  turn.  That  is, 
they  can  go  free  in  some  logging  steps.  They 
need  not  cover  overhead  or  fixed  costs,  not 
even  the  fixed  cost  per  tree  of  felling  nor  the 
fixed  costs  per  turn  of  tractor  skidding.  Bonus 
logs  need  cover  only  their  direct  cost  for  the 
extra  time  of  limbing  and  bucking,  choking, 
unhooking,  and  loading.  As  used  here,  a  full 
turn  is  one  which  approximates  the  load  capa- 
city   of  the  skidding   machine. 

Of  course,  any  return  over  a  log's  direct 
costs  is  available  to  cover  at  least  part  of  the 
fixed  costs.  That  is,  the  very  small  logs  add 
to  total  volume  and  thus  lower  the  fixed  cost 
per  thousand  board  feet,  but  if  they  do  not 
even  cover  their  own  direct  costs  then  they 
will  add  more  to  total  cost  per  thousand  board 
feet  than  they  reduce  by  lowering  average 
fixed  costs. 

Direct  costs  per  log  for  bonus  logs,  from 
limbing  and  bucking  through  loading,  are  de- 
rived  as  follows: 

Direct  cost  per  log 


60-hp. 
65-hp.  50-hp.        four-wheel 

crawler  crawler  skidder 


Limbing   and   bucking, 
0.6   min.    X   $0.0927 

Choker  setting,   unhooking, 
and  decking: 


-     -    -    (Dollars)     -    -    - 
0.06  0.06  0.06 


.10 


0.6   min.    x   $0,161 
0.6    min.   x   $0,147 
0.6   min    X   $0,138 
Loading,  0.5  min.  x  $0,266  .13 

.29 


.09 


.13 
.28 


.08 
.13 
.27 


In    most  situations,  the  cost  of  bonus  logs 
should  also   include  the  cost  of  hauling." 


'  '  A  case  might  be  mode  for  overlooking  the  time  cost 
of  truck  and  driver  during  loading  of  bonus  logs— and 
even  the  main  hauling  cost  itself— if  bonus  logs  are  used 
to    top   off   a    load    that   could    not   take   another    larger    log. 


20 


Direct  cost  per  log,  multiplied  by  number 
of  logs  per  hundred  cubic  feet  or  per  thousand 
board  feet,  gives  direct  cost  per  unit  volume 
(table  5,  figs.  19  and  20).  For  bonus  logs, 
these  costs  are  figured  without  any  delays 
and  are  shown  in  figures  19  and  20  by  single 
points  enclosed  in  a  solid-  or  broken-line  circle. 

Bringing  in  bonus  logs  down  to  2.5  cubic 
feet  or  10  board  feet  in  volume  may  be  feas- 
ible under  the  conditions  shown.  However, 
complete  turns  of  such  small  logs,  or  utiliza- 
tion of  any  sizable  amount  of  such  logs,  would 
not  permit  their  qualifying  as  bonus  logs,  and 
the  cost  of  tractor  skidding  time  could  not  be 
ignored. 

Stumpage  as  a  Direct  Cost 

If  the  operator  pays  a  direct  stumpage 
charge  based  on  the  log  scale  of  each  truck- 
load  token  out,  then  this  stumpage  charge  is  a 
part  of  the  direct  cost  of  each  log.  This  tends 
to  discourage  removal  of  small  material.  If 
the  timber  is  purchased  on  a  lump-sum  or  fixed- 
sum  basis,  there  is,  of  course,  no  direct  stumpage 
charge  for  a  given  log,  and  operators  hove  an 
incentive  to  remove  everything  that  will  cover 
its  direct  logging  cost.  This  is  an  important 
feature  of  lump-sum  or  tree-measurement  soles. 


Income  Tax  Effects 

Wood  from  company-owned  lands  con  often 
qualify  for  capital  gain  tax  treatment  which  re- 
sults in  reduced  Federal  income  tax.  The  effect 
is  to  increase  the  before-tox  cost  of  the  mar- 
ginal log,  or  to  lower  the  size  of  the  marginal 
log.  This  is  because  a  capital  gain  in  the  value 
of  the  timber  is  taxed  at  25  percent  instead 
of  the  normal  48-percent  Federal  corporate  in- 
come tax.  This  represents  a  saving  of  23  per- 
cent.'' 

For  example,  if  purchased  wood  costs  $30 
per  hundred  cubic  feet  delivered  at  the  mill, 
and  if  the  firm's  own  wood  may  be  given  a 
fair  market  value  of  $15  per  hundred  cubic 
feet  and  a  depletion  rote  of  $5  per  hundred 
cubic  feet,  then  the  equivalent  value  of  company 
wood  may  be  calculated  as  $34.42,  shown  as 
follows: 

After-tax  logging  cost  of  company  wood 
equals  after-tax  delivered  cost  of  purchased 
wood  plus  tax  reduction  due  to  capital  gain. 
Thus,  where  x  is  the  before-tox  logging  cost 
of  company  wood, 

X  —   0.48-« 


$30  - 

0.48 

($30) 

+  0.48 

($15 

-   $5) 

-    0.25  ($15 

-   $5) 

Table  5.— Direct  cost  per  unit  volume  of  bonus  logs,  with  various  types  of  equipment  and  30-mile  hauP 


Logs 

65-hp.   crawler^ 

50-hp.   crawler^ 

60-hp.   four-wheel   skidder^ 

Size 

Number 
per   unit 

Logging 

Hauling 

Total 

Logging 

Hauling 

Total 

Logging 

Hauling 

Total 

Cu.  ft. 
2.5 

100  cu 
40 

_ff. 

ll. 60 

6.01 

17.61 

5 

20 

5.80 

6.01 

11.81 

10 

10 

2.90 

6.01 

8.91 

Bd.  ft. 
10 

M  bd. 
100 

Ji- 

29.00 

18.20 

47.20 

20 

50 

14.50 

15.01 

29.51 

50 

20 

5.80 

14  12 

19.92 

Dollars  per    100  cubic    feet 

11.20  6.01  17.21 

5.60  6.01  11.61 

2.80  6.01  8.81 

Dollars  per   M   board   feet 

28.00  18.20  46.20 

14.00  15.01  29.01 

5.60  14.12  19.72 


10.80 

6.01 

16.81 

5.40 

6.01 

11.41 

2.70 

6.01 

8.71 

27.00  18.20 

13.50  15.01 

5.40  14.12 


45.20 
28.51 
19.52 


^   Bonus    logs   are    considered   here   to   be    extra    logs    that   go    in   with   an    otherwise    full     or     nearly    full    turn, 
logs    are    not    easily    available    to    complete   the   turn. 

^   Horsepower    shown    refers    to    net    engine   horsepower. 


vhere     larger 


^2  Other  timber  owners  can  also  qualify  for  capita! 
gain  tax  treatment  under  certain  conditions.  See  Williams 
(1965). 
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or, 

0.52*-  =  0.52  ($30)  +  0.23  ($15  -    $5) 
=    $15.60  +  $2.30 
=   $17.90 
X  =   $34.42 

That  is,  the  firm  can  afford  to  stand  an 
after-tax  logging  cost  for  company  wood  equal 
to  the  sum  of  (1)  the  after-tax  cost  of  an  equal 
amount  of  purchased  wood  and  (2)  the  dif- 
ference between  capital  gains  tax  at  25  percent 
and  corporate  income  tax  of  48  percent  on 
the  amount  of  the  firm's  receipts  shown  as 
a  capital  gain   instead  of   as  ordinary  income. 

To  state  the  same  thing  in  terms  of  marginal 
log  analysis,  the  firm's  logging  cost  of  $34.42 
per  hundred  cubic  feet  represents  on  after-tax 
cost  of  $30.  If  a  log's  value  is  also  $30  per 
hundred  cubic  feet,  it  is  a  marginal  log.  Thus, 
the  firm  can  afford  to  spend  up  to  $34.42  per 
hundred  cubic  feet  in  direct  logging  costs  for 
logs  whose  value  to  the  firm  is  $30.  Any  lower 
cost  adds  to  the  firm's  revenue,  and  any  larger 
cost  represents  a  loss  for  that  size  of  material. 

Other  Considerations 

The  above  analysis  of  the  marginal  log  and 
marginal  tree  has  considered  only  the  value  of 
the  log,  at  the  mill  or  other  delivery  point. 
Other  values  or  benefits  may  also  be  gener- 
ated by  thinning,  or  by  utilization  of  a  greater 
portion  of  trees  that  are  cut.  These  other 
benefits  might  include  improved  opportunity  for 
growth  and  development  of  the  residual  stand, 
reduction  of  fire  or  other  hazard,  greater  flex- 
ibility of  operations,  or  a  cleaner  looking  forest. 
If  the  value  of  these  benefits  were  included  in 
the  analysis  of  the  marginal  log  and  tree,  it 
might  justify  greater  costs  and,  in  effect,  lower 
the  size  of  the  marginal  tree  and   log. 


A  Total  Cost 
Estimating   Equation 

So  far,  attention  has  been  focused  on  di- 
rect costs  or  marginal  costs.  The  logging  man- 
ager may  also  be  interested  in  total  logging 
costs,  which  would  include  road  construction, 
supervision  and  other  elements  of  logging  bur- 
den or  overhead,'^  administrative  overhead, 
marking,  and  scaling. 

Using  Z^  =  total  cost.  A;  =  supervision  and 
overhead  as  a  constant  proportion  of  average 
direct  costs  Z^;  F  =  fixed  cost  of  moving  in 
and  landing  construction;  Q  =  road  construc- 
tion cost;  and  S  =  marking  and  scaling  cost; 
all  per  unit  volume,  the  resulting  total  cost 
equation  then   becomes: 


(21)  Z, 


Z,    +  kZ,    +  F  +  Q  +  S 


Cost  of  supervision  is  sometimes  estimated 
as  10  percent  of  wage  costs;  overhead,  as  10 
percent  of  all  direct  costs  (U.S.  Bureau  of  Land 
Management  1965).  This  comes  to  approxi- 
mately 15  percent  of  direct  costs,  or  A;  =    1.15. 

Fixed  costs,  F,  of  moving  in  and  of  landing 
construction  are  estimated  as  approximately 
$200  per  15-acre  setting;  with  a  cut  of  6,000 
board  feet  per  acre,  this  would  be  $2.22  per 
thousand  board  feet,  or  approximately  $1.23 
per  hundred  cubic  feet.  Cost  of  additional 
landings  in  the  same  area  would  be  cheaper 
and  would  reduce  the  overall  cost  per  unit 
volume. 

Road  construction  cost,  Q,  can  have  wide 
variation,  depending  on  the  circumstances. 
Often  an  annual  carrying  charge,  rather  than 
the  actual  road  cost,  may  be  estimated.  This 
follows  from  the  principle  that  the  actual  road 
cost  will  be  borne  by  the  final  harvest,  and  the 
annual  carrying  charge  might  be  calculated  as 
6  percent  of  the  undepreciated  road  balance. 
Even  this  annual  carrying  charge  may  be  as 
much  as  $1   or  $2  per  hundred  cubic  feet. 


'^   Logging    burden    includes    such    items    as   fire   protection, 
slosh    disposal,    snog    felling,    and    rood    mointenonce. 
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In  many  situations,  however,  no  new  roads 
at  all  will  be  required.  As  a  matter  of  fact, 
with  the  growing  accumulation  of  the  region's 
access  roads  over  the  last  30  years,  there  is 
a  sizable  proportion  of  total  area  already  ac- 
cessible. 

Marking  and  scaling  costs,  S,  will  also  vary 
widely,  depending  on  methods  and  degree  of 
professional  effort  devoted  to  these  functions. 
Some  forest  managers  have  had  good  results 
with  marking  done  by  skilled  forest  technicians, 
under  guidelines  and  supervision  by  professional 
foresters.  With  adequate  training  and  control, 
such  a  method  holds  promise  for  a  substantial 
reduction  in  marking  costs,  compared  with  hav- 
ing all  marking  done  by  professional  foresters. 
Scaling  costs  can  be  reduced  or  eliminated 
by  use  of  some  method  of  weight  scaling,  or 
by  lump-sum  or  tree-measurement  soles. 

The  direct  logging  costs  developed  earlier 
in  this  report  will  help  indicate  which  logs  or 
trees  will  be  profitable  once  an  operation  is 
underway.  The  total  cost  equation  will  serve 
as  a  framework  for  analysis  of  the  total  cost 
per  unit  volume  for  the  operation  as  a  whole. 
The  total  cost  analysis  is  useful  to  help  make 
the  decision  of  whether  or  not  to  undertake 
a   given   operation   in    the   first   place. 
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Table  6.— Machine  rate,  65-hp.  crawler  tractor 
with  arch,  based  on  8-hour  day,  1965^ 


Item 

Amount 

Per   year 

Per  hour^ 



-  Dollars  - 



List    price,    including 
freiglit-' 

20,800.00 

Rubber-tirecJ    arch,   usecJ 

750.00 





Residual  value,   10  per- 
cent of  initial   price 

2,155.00 

Amount  to  be 
depreciated 

19,395.00 

Average   investment    for 
imputed    interest* 

/  +  R              $23,705 

11.852.50 

Appendix 


Average  investment  for 
insurance  and  taxes'* 
I  -^  R-\-  D        $27,584 


13,792.00 


Fixed    costs: 

Depreciation,    5    years 
$19,395 


3,879.00 


Imputed    interest,    6   per- 
cent of  average 
investment 

Insurance,    1    percent  of 
average    investment 

Taxes,  2  percent  of 
average     investment 

Repairs  and  maintenance, 
90   percent   of   de- 
preciation 

Imputed    interest   on    in- 
itial choker  investment, 
6  percent  x  $10  50x10 


Variable   costs: 

Fuel,   3.15   gallons   per 
hour   X    $0.16 

Engine  oil,  0.05  gallon 
per  hour  x   $0.65 

Lubrication,    u.  i     id.    per 
hour    x    $0.15 

Filters,     estimated 

Wire    rope:       3/4-inch 
drum    line,    65   feet   x 
$0,456    =    $29.64 

+    $4.65   hardware    = 
$34.29  every  6   months 

1/2-inch    chokers,    6    per 
year  at   $6.70 

Replacement    hooks,    3 
per   year   at   $3.80 


Labor,  at  $3,075  per  hour 
X  1.23  payroll  overhead 

Crew   transportation 

Total    per    hour 
Total    per    minute 


0.161 


711.15 

137.92 

275.84 

3,491.10 


9.68 


1  Horsepower    is    net   engine    horsepower. 

2  At    225    days    x    8   hours    =     1,800   hours    per   year. 

3  Includes     blade,    canopy,     and     winch. 

"*   /    =    initial   cost;     k     =    residual    value;     D    =    depreci- 
ation. 


Table  7.— Machine  rate,  65-hp.  crawler  tractor 
with   arch,    based   on   6.3-hour  day, 
1965' 


4.72 

Item 

Amount 

Per  year 

Per  hour* 

8,501.31 

— 

.50 

Fixed   costs,   less  repairs 
and    maintenance^ 

Repairs  and  maintenance. 

-- 

5,010.21 

-- 

- 

.03 

6.3 

or   0.79   X   $3,491.10 

8 

__ 

2,757.97 



.. 

.02 

7,768  18 

5.48 



.01 

Variable    costs:^ 

Fuel 

~ 

~ 

.50 

Engine    oil 

— 

— 

.03 

68.58 

— 

Filters 

— 

— 

.01 

40.20 

-- 

Lubrication 

6.3 

- 

— 

.02 

11.40 

.07 

Wire  rope,          or 

8 

0.79  X  $120.18 

94.94 

120.18 

.07 

3.84 

Labor 

-- 

-- 

3.84 

.49 

Crew    transportation 

— 

— 

.49 

Total    per    hour 
Total    per  minute 


10.44 


0.174 


1  Horsepower  is  net  engine  horsepower;  6.3-hour  day  is 
for  contractor  crew  where  loading  takes  1.7  hours  per  day 
away    from    yarding    operation. 

■^  At   225   days    x   6.3  hours   =    1,418   hours    per   year. 

3  Derived     from    table     6. 
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Table  8.— Machine  rate,  50-hp.  crawler  tractor 
with  arch,  based  on  8-hour  day,  1965' 


Item 


Amount        Per  year      Per  hour^ 


List    price,    including 

freight'  14,950.00 

Rubber-tired   arch,    used  600.00 


Residual  value,   10  percent 
of  initial   price 


1,555.00 

Amount  to  be  depreciated       13,995.00 

Average   investment    for 
imputed    interest' 


/  +  R 


$17,105 


Average  investment  for 
insurance   and    taxes* 


I  +  R  +D 


$19,904 


8,552  50 


9,952.00 


Fixed   costs: 

Depreciation,     5    years 
$13,995 


Dollars 


Table  9.— Machine  rate,  50-hp.  crawler  tractor 
with    oich,    based   on    6.3-hour   day, 
1965' 


Item 


Amount        Per  year       Per   hour^ 


2,799.00 


Fixed    costs,    less   repairs 
and     maintenance-* 

Repairs   and    maintenance, 

6.3 

or   0.79    X    $2,519.10 

8 

Variable     costs;-' 

Fuel 

Engine    oil 

Filters 

Lubrication 

6.3 

Wire   rope,       —        or 

8 
0.79  X  $120.18 

Labor 

Crev/    transportation 


-    Dollars 
3,617.01 


1,990.09 

-- 

5,607.10 

3.95 

__ 

.40 



.03 

-- 

.01 

.02 

94.94 


.07 

3.84 

.49 


Imputed   interest, 

6  percent  of  average 
investment 

Insurance,    1   percent   of 
average  investment 

Taxes,  2  percent  of 
average  investment 

Repairs   and   maint- 
enance,   90   percent 
of  depreciation 

Imputed    interest   on 
choker     investment, 
6  percent  x  $10.50x  10 


Variable    costs: 

Fuel,  2.5  gallons  per 
hour   x   $0.16 

Engine  oil,  0.05  gallon 
per   hour   x    $0.65 

Filters,     estimated 

Lubrication,    0.1     lb. 
per  hour  x  $0.15 

wire    rope^ 

Labor,  at  $3  075  per 
hour  x   1.25  payroll 
overhead 

Crew   transportation 


Total    per  hour 
Total   per  minute 


513.15 
99.52 
199.04 

2,519.10 

6.30 
6,136.11 


0.138 


3.41 

.40 

.03 
.01 

.02 
.07 

3.84 
.49 


8.27 


^   Horsepower    is    net   engine    horsepower. 
**  At    225    days    x    8    hours    =     1,800   hours    per   year. 
■*   Includes     blade,    canopy,     and     winch. 

■*   /    =     initial   cost;     R     =    residual    value;     D     =    depreci- 
ation. 

^   From   table  6. 


Total    per    hour 
Total     per    minute 


8.81 


0.147 


'^  Horsepower  is  net  engine  horsepower;  6.3-hour  day  is 
for  contractor  crew  where  loading  takes  1.7  hours  per  day 
away    from    yarding    operation. 

2  At   225    days   x    6.3    hours    =     1,418   hours    per    year. 

^   Derived     from    table    8. 
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Table   10.— Machine     rate,     60-hp.     four-wheel 
skidder,  based  on  8-hour  day,  1965^ 

Item  Amount         Per  year       Per   hour^ 


List  price,  including 

freight^  13,627.00 

Residual  value,  10  percent 

of    initial   price  ~1,362.70 


Dollars 


Amount  to  be  depreciated      12,264.30 

Average    investment    for 
imputed     interest^ 

!  +  R  $14,989.70 


Average  investment  for 
insurance  and  taxes* 
I  +  R  +  D         $17,442.56 


Fixed    costs: 

Depreciation,   5  years 
$12,264.30 


7,494.85 


8,721.28 


Imputed    interest, 
6   percent  of 
average    investment 

Insurance,  1    percent  of 
average   investment 

Taxes,  2  percent  of 
overage  investment 

Repairs  and  maintenance, 
90   percent    of  de- 
preciation 

Imputed  interest  on 
choker  investment, 
6    percent x  $10.50x10 


Variable  costs: 

Fuel,   2    gallons    per 
hour    x    $0.16 

Engine  oil,  0.05   gallon 
per  hour  x  $0.65 

Filters 

Lubrication     0.1     lb. 
per   hour   x   $0.15 

Hydraulic  oil,  estimated 

Wire    rope^ 

Labor,    at  $3,075  per 
hour   X    1.25   payroll 
overhead 

Crew    transportation 


Total   per   hour 
Total  per  minute 


2,452.86 

449.69 

87.21 

174.43 

2,207.57 

6.30 
5,378.06 


0.130 


2.99 

.32 

.03 
.01 

.02 
.01 
.07 

3.84 
.49 


7.78 


^   Horsepower    is   net  engine  horsepower. 
2  At    225    days    x     8    hours    =     1,800    hours    per    year. 
^   Includes    blade,    canopy,   and    winch. 

*   I    =    initial    cost;     R     =    residual    value;     D     =    depreci- 
ation. 

^  From  table  6. 


Table   1 1  .—Machine     rate,     60-hp.     four-wheel 
skidder,    based    on    6.3-hour    day, 
1965' 


Item 


Amount 


Per   year      Per   hour^ 


Fixed   costs,   less  repairs 
and   maintenance-* 

Repairs  and  maintenance, 
6.3 

or   0.79   X   $2,207.57 

8 


Variable    costs:-' 

Fuel 

Engine    oil 

Filters 

Lubrication 

Hydraulic   oil 

63 

Wire   rope,      or 

8 
0.79  X  $120.18 

Labor 

Crew    transportation 

Total   per  hour 
Total  per   minute 


-   Dollars  - 
3,170.49 


1,743.98 


4,914.47 


94.94 


3.47 

.32 
.03 

.01 
.02 
.01 


.07 

384 

.49 


8.26 


0.138 


1  Horsepower  is  net  engine  horsepower;  6.3-hour  day  is 
for  contractor  crew  where  loading  takes  1.7  hours  per  day 
away    from    yarding    operation. 

*  At  225  days    x  6.3  hours    =    1,418    hours  per  year. 

3  Derived    from     table     10. 
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Table  1 2.— Machine  rote,  1  -yard  rubber-tired 
loader,  with  heel  boom  and  grapple, 
based  on   8-hour  day,  1965 


Item 


Atnount  ]    Per  year    Per  day   Per  hour*^ 


list   price,   less  tires, 
including   freight 

Residual  value,  20  per- 
cent of  initial  price 

Amount    to   be   de- 
preciated 

Initial    tire   cost,   ten 
10x20  of  $123.43 

Average   investment  for 
imputed    interest^ 
/  +  R       $94,834.30 

2  2 

Average   investment  for 

insurance  and   taxes^ 

I  +  R  +  D 


Dollars 


78,000.00 
-15,600.00 

62,400.00 
1,234.30 

47,417.15 


$101,321.16 

2 
Fixed    costs: 

Depreciation,    less 
tires,   10   years 
$62,400 


50,660.58 


10 

Depreciation   on   tires 
(replace  in  Syeors) 
$1,23430 


6,240.00 


246,86 


„     6,486.86 

Imputed     interest,    6 

percent  of  aver- 

age   investment 

-     2,845.03 

Insurance,    1     percent 

of   overage  in- 

vestment 

506.61 

Taxes,  2  percent  of 

overage  investment 

--      1,01321 

Repairs   and   maint- 

enance,  50   percent 

of   depreciation 

-     3,243.43 

Variable    costs: 

Fuel,  7  gallons  per 

hour     X    $0.16 
Lubrication   and   oil, 

estimated 
Cable   replacement, 
closing    cable, 
every   25   days 
3^-inch,    90    feet 
$45.69 


14,095.14 


7.83 

1.12 
.04 


25 

Coble    replacement, 
opening  coble, 
every  50  days 
5/8-inch,  90  feet 
$32.64 


50 


1.83 


.65 


Labor,    engineer   at 
$3.23    and    head 
loader  at  $3.16   — 
$6.39  X   1.25  pay- 
roll    overhead 

Crew  transportation, 
$0.98  per  hour 

Total   per  hour 
Total   per  minute 


2.48  .31 


799 
.98 


18.27 


.304 


^  At    225    days    x   8    hours    =    1,800   hours    per   year. 
f   I     =    initial    cost;     R    =    residual    value;     D     =    depreci- 
ation. 


Table   13.— Machine  rate,  3/4-yard  track-mount- 
ed   loader,    with    heel     boom    and 
grapple,    based    on    1.7-hour    day, 
1965 

Item  Amount    |   Per  year    Per  day  Per  hour^ 


Dollars 


List  price,  used  (esti- 
mated one-third  of 
new)  12,500.00 

Residual   value,    10  per- 
cent of  initial   price     -1,25000 

Amount   to  be  de- 
preciated 

Average   investment  for 
imputed    interest*^ 
I  +  R  $13,750 


11,250.00 


6,875.00 


Average  investment  for 
insurance  and    taxes^ 
l  +  R  +  D 


$14,875 

2 

Fixed     costs: 

Depreciation,  lOyears 
$11,250 

10 

Imputed  interest,  6 
percent  of  average 
investment 

Insurance,  1  percent  of 
average  investment 

Taxes,    2    percent    of 
average  investment 

Repairs    and     maint- 
enance, 75   percent 
of   depreciation 


Variable  costs: 

Fuel,    3    gallons    per 

hour   X    $0-16 
Lubrication    and     oil, 

estimated 
Cable    replacement, 

closing  cable,  every 

120  days 

5/8  inch,    90    feet 
$32.64 

120 
Cable     replacement, 
opening    coble, 
every    240    days 
l/2inch,  90   feet 
$26.04 

240 

Labor,     engineer    at 
$3,075    and    head 
loader   at  $2.85   = 
$5.93    X    1.25    pay- 
roll   overhead 

Crew    transportation, 
$0.98    per   hour 

Total    per   hour 
Total    per   minute 


7,437.50 


1,125  00 

412.50 
74.38 
148.75 

843.75 
2,604.38 


6.81 

.48 
.03 


.27 


.38 


.22 


7.41 
.98 


15.93 


0.266 


1  At  225  days  x  1 .7  hours  per  day   =   382.5  hours  per  year. 
^  I     =    initial    cost;     R    =    residual    value;      D     =    depreci- 
ation. 
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Table   14.— Machine   rate,   medium    chain    saw, 
24-inch  bar,  based  on  8-hour  day, 
1965 


Item 


Amount      Per  year    Per  day     Per  hour^ 


List    price 

250.00 

Residual    value,    esti- 
mated 

-50.00 

Amount    to   be   depreci- 
ated 

200.00 

Spare  saw,    used 

85.00 

Average   investment  for 

imputed    interest'^ 

/  +  R          $385 

192.50 

2               2 

Dollars 


Average    investment 
for    foxes- 

I  +  R  +  D 


$385  +  $95 

2 
Fixed    costs: 

Depreciation,  3  years 
$200  +  $85      $285 


Imputed    interest,    6 
percent  of  average 


240.00 


95.00 


investment 

1155 

Taxes,   2   percent    of 
average  investment 

4.80 

Repairs    and    maint- 

enance, 90   percent 
of   depreciation 

85.50 

Chain     replacement, 
4  per   year  at   $30 

120.00 

Bar  replacement, 
1     per   year   at   $30 

30.00 

Miscellaneous     tools 
and    equipment 

5000 

396.85 


0.22 


Variable   costs; 
Fuel,    1  5  gallons 
per  day  at    $0.32 

Cfiain    oil,     1    quart 
per    day 

Lubricating     oil  for 

fuel    mixture,  0.75 

pint   per    day  at 
$0.70 


Labor,    $3.75   x    1.25 
payroll    overhead 

Crev/    transportation 


Total   per  hour 

Total    per   minute  0.0927 


0.48 
.30 


.52 


1.30 


.16 


.38 

4.69 
.49 

5.56 


1  At   225   days    x    8   hours     =    1,800    hours    per   year. 
^  /     =    initial    cost;     R    —    residual    value;     D     =    depreci- 
ation. 


Table  15.— Machine  rate,  1/2-ton  pickup  truck, 
1965 


Item 


Amount        Per  year    Per  day  Per  nour^ 


Dollo 


List   price 


3,080.00 


Residual    value,  20  per- 
cent   of   initial   price      —616.00 


Amount   to    be   de- 
preciated 

Average   investment  for 
imputed    interest- 
/  +  R         $3,696 


Average  investment   for 
insurance  and   taxes- 
D 


2,464.00 


!  +  R 


$4,188.80 


Fixed   costs: 

Depreciation,  5  years 
$2,464 


Imputed  interest,  at 
6  percent  of  av- 
erage    investment 

Insurance,  estimated 
at  5  percent  of  ov- 
erage investment 

Taxes,  at  2  percent 
of  overage  invest- 
ment 

License    fee 

Repairs    ond    maint- 
enance, 90   percent 
of    depreciation 

Tires   and    tubes,   4 
per  year  at  $35 


Variable   costs: 

Fuel,    12   miles   per 
gallon,   60    miles 

fier   day,   or   5  gal- 
ons     per     day    x 
$0.32 

Lubrication,    15     per- 
cent   of   iruel    cost 

Oil    filter    replace- 
ment,   $3.50    every 
4,000    miles 


1,848.00 


2,094.40 


492.80 

110.88 

104.72 

41.89 
10.00 

443.52 
140.00 
1,343.81  5.97 


1.60 
.24 

.05 


7.86 


.98 


1  At    225    days    x     8    hours     =     1,800    hours     per    year. 

2  /    =     initial    cost;     R    =    residual    value;      D     =    depreci- 
ation. 
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Table   16.— Skidding-cycle  time   in   Douglas-fir    thinning    operations,    65-hp. 
crawler  tractor,  by  log   volume,   1965^ 


Volu 

me 
og 

Number  of 
logs   per   turn 

Slope  distance  (feet) 

per 

50 

100 

200 

1       400        1 

700 

1,000 

-    Minutes 

Cubic 

feet: 

5 

10 

26.1 

26.6 

27.6 

29.6 

32.5 

35.5 

10 

10 

26.6 

27.1 

28.1 

30.1 

33.0 

36.0 

25 

10 

28.0 

28.5 

29.5 

31.5 

34.4 

37.4 

50 

6 

18.9 

19.4 

20.4 

22.4 

25.5 

28.6 

100 

3 

12.7 

13.2 

14.2 

16.2 

19.1 

22.1 

200 

1.5 

9.9 

10.4 

11.4 

13.4 

16.3 

19J 

300 

1 

8.9 

9.4 

10.4 

12.4 

15.3 

18.3 

Board 

feef-.s 

20 

10 

26.6 

27.1 

28.1 

30.1 

33.0 

36.0 

50 

10 

27.0 

27.5 

28.5 

30.5 

33.4 

36.4 

100 

10 

27.7 

28.2 

29.2 

31.2 

34.1 

37.1 

200 

7.5 

22.1 

22.6 

23.6 

25.6 

28.5 

31.5 

500 

3 

12.0 

12.5 

13.5 

15.5 

18.4 

21.4 

1,000 

1.5 

8.8 

9.3 

10.3 

12.3 

15.2 

18.2 

1  Bosed     on    200   trees    per   acre    before    cut,    30      trees     cut     per    acre,     and     tractor      operator's 
setting    and    releasing    chokers.      Horsepower    is  net    engine    horsepower. 

2  Scribner   rule. 


Table  17.— Skidding  cost   per  unit  volume  in  Douglas-fir  thinning  operations, 
65-hp.  crawler  tractor,  by  log  volume,   1965^ 


Volume 

Number  of 
logs  per  turn 

Slope  dis 

tance   (feet) 

per  log 

50 

100 

200 

1 

400 

700 

1,000 

Cubic    feet: 



Do 

lars    per 

100    cubic 

feet 

5 

10 

11.64 

11.86 

12.30 

13.20 

14.50 

15.84 

10 

10 

5.93 

6.04 

6.27 

6.71 

7.36 

8.03 

25 

10 

2.50 

2.54 

2.63 

2.81 

3.07 

3.34 

50 

6 

1.40 

1.44 

1.52 

1.67 

1.90 

2.13 

100 

3 

.94 

.98 

1.06 

1.20 

1.42 

1.64 

200 

1.5 

.74 

.77 

.85 

1. 00 

1.21 

1.43 

300 

1 

.66 

.70 

.77 

.92 

1.14 

1.36 

Board  feet:^ 



Do 

lars     per 

M 

board 

ee 



20 

10 

29.65 

30.20 

31.35 

3355 

36.80 

40.15 

50 

10 

12.04 

12.26 

12.72 

13.60 

14.90 

16.24 

100 

10 

6.18 

6.29 

6.51 

6.96 

7.60 

8.27 

200 

7.5 

3.29 

3.36 

3.51 

3.81 

4.24 

4.68 

500 

3 

1.79 

1.86 

2.01 

2.31 

2.73 

3.18 

1,000 

1.5 

1.31 

1.38 

1.53 

1.83 

2.26 

2.71 

1  Based    on 

cost  of  $0,161 

aer   minute 

X   1.385  de 

ay   factor 

= 

$0,223 

pe 

r     minute 

Cost    per 

unit  volume    = 

minutes    per     t 

urn    X    cost 

per    minut 

-     .      Horsepc 

wer    is    r 

let 

engine 

horsepower. 

voli 

ime    onr    iur 

n 

2  Scribner  rule 
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Table   18.— Skidding-cycle  time  in    Douglas-fir    thinning    operations,    50-hp. 
crawler  tractor,   by    log   volume,   1965'^ 


Volume 

Number   of 
logs   per   turn 

Slope   distance   (feet) 

per   log 

50 

100 

200         1 

400         1 

700 

1,000 

—    Minutes    per 

Cubic   feet: 

5 

10 

20.3 

20.7 

21.5 

23  1 

255 

28.0 

10 

10 

21.3 

21.7 

22.5 

24.1 

26.5 

29.0 

25 

6 

14.6 

15.0 

15.8 

17.4 

19.8 

22.3 

50 

3 

9.5 

9.9 

10.7 

12.3 

14.7 

17.2 

100 

1.5 

6.9 

7.3 

8.1 

9.7 

12.1 

14.6 

150 

1 

6.0 

6.4 

7.2 

8.8 

11.2 

13.7 

Board   feet:^ 

20 

10 

20.3 

20.7 

21.4 

23.0 

25.4 

27.8 

50 

10 

21.2 

21.6 

22.3 

239 

263 

28.7 

100 

7 

16.5 

16.9 

17.6 

19.2 

21.6 

24.0 

200 

3.5 

10.5 

10.9 

11.6 

13.2 

15.6 

18.0 

500 

1.4 

6.6 

7.0 

7.7 

9.3 

11.7 

14.1 

700 

1 

6.2 

6.6 

7.3 

8.9 

11.3 

13.7 

1^   Based    on    200    trees     per    acre    before    cut,    30      trees     cut     per     acre,     and      tractor     operator's 
setting    and    releasing    chokers.      Horsepower    is    net  engine   horsepower. 
2   Scribner  rule. 


Table   19. — Skidding  cost  per  unit  volume  in  Douglas-fir  thinning  operations, 
50-hp.  crawler   tractor,  by  log  volume,   1965^ 


Volume 

Number   of 
logs  per  turn 

Slope  distance   (feet) 

per   log 

50         1         100                 200         1        400 

700       1        1,000 

Cubic    feet: 

10 

8.28 

Dol 

ars     per 

lOU 

cubic 

fee+ 

5 

8.44 

8.78 

9.42 

10.40 

11.42 

10 

10 

4.35 

4.43 

4.59 

492 

5  41 

5.92 

25 

6 

1.99 

2.04 

2.15 

2.37 

2.69 

3.03 

50 

3 

1.29 

1.35 

1.45 

1.67 

2.00 

2.34 

100 

1.5 

.94 

.99 

1.10 

1.32 

1.65 

1.99 

150 

1 

.82 

.87 

.98 

1.20 

1.52 

1.86 

Board   feet:~ 



Dol 

ars     per 

M 

board 

feet 

20 

10 

2070 

21.10 

21.82 

23.45 

25.90 

28.35 

50 

10 

8.64 

8.82 

9.10 

9.76 

10  74 

11.70 

100 

7 

4.81 

4.93 

5.13 

5.60 

6.30 

7.00 

200 

3.5 

3.06 

3.17 

3.39 

3.84 

4.54 

5.24 

500 

1.4 

1.93 

2.04 

2.24 

2.71 

3.41 

4.11 

700 

1 

1.80 

1.93 

2.13 

2.60 

3.30 

3.99 

'^   Based    on     cost    of    $0,147     per    minute    x     1 .385     delay  factor     =     $0  20^*  per     minute        Cost 

,                    minutes    per    turn     x     cost    per    minute  ,,                          .  .         , 

per  unit  volume  =    ' 1            ■      '    ' .  Horsepower  is  net  engine   horsepower. 

volume   per   turn                                            ^  ^  r- 

^  Scribner  rule. 
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Table  20.— Skidding-cycle  time   in    Douglas-fir    thinning    operations,    60-hp. 
four-wheel    skidder,    by    log   volume,   1965' 


Volume 

Number   of 
logs   per   turn 

Slope  distance   (feet) 

per    log 

50         1 

100 

200         1 

400 

700 

1,000 

—    Minutes    per 

Cubic   feet: 

5 

10 

18.9 

19.2 

19.9 

21.2 

23.0 

24.9 

10 

10 

19.4 

19.7 

20.4 

21.7 

23.5 

25.4 

25 

6 

14.1 

144 

15  1 

16.4 

18.2 

20  1 

50 

3 

9.8 

10.1 

10.8 

12.1 

13.9 

15.8 

100 

1.5 

7.6 

7.9 

8.6 

9.9 

117 

13.6 

150 

1 

6.9 

7.2 

7.9 

9.2 

11.0 

12.9 

Board   feef;- 

20 

10 

18.9 

19.3 

19.9 

21.2 

23.2 

25.1 

50 

10 

19.4 

19.8 

20.4 

21  7 

23.7 

25.6 

100 

7 

15.3 

15.7 

163 

17.6 

19.6 

21.5 

200 

3.5 

102 

10.6 

11.2 

12.5 

14.5 

16  4 

500 

1.4 

7.4 

7.8 

8.4 

9.7 

11.7 

13.6 

700 

1 

6.7 

7.1 

7.7 

9.0 

11.0 

12.9 

^   Based   on    200    trees    per   acre   before    cut,   30  trees    cut    per    acre,     and    tractor    operator's    set- 
ting   and    releasing    chol<ers.       Horsepower     is    net  engine   liorsepower. 
•^   Scribner  rule. 


Table  21.— Skidding  cost   per   unit  volume  in  Douglas-fir  thinning  operations, 
60-hp.   four-wheel  skidder,  by  log  volume,   1965' 


Volume 
per   log 


Number   of 
logs   per   turn 


Slope  distance   (feet) 


50 


100 


200 


400 


700 


1,000 


Cubic  feet: 

5 

10 

25 

50 

100 

150 

Board  feet:^ 

20 

50 

100 

200 

500 

700 


Dollars     per     100    cubic    feet 


10 
10 

6 

3 

1.5 

1 

10 
10 

7 

3.5 

1.4 

1 


7.22 
3.71 
1.79 
1.25 
.97 


18.05 
7.42 
4.17 
2.78 
2.01 
1,83 


7.34 
3.76 
1.83 
1.29 
1.01 
.92 


760 
3.90 
1.92 
1.37 
1.09 
1.01 


8.10 
4.14 
2.09 
1.54 
1.26 
1.17 


8.78 
4.49 
2.32 
1.77 
1.49 
1.40 


Dollars      per    M    board     feet 


18.45 
7.56 
4.28 
2.88 
2.13 
1.94 


19  00 
7.80 
4.44 
3.06 
2.28 
2.10 


20.25 
8.28 
4.80 
3.41 
2.64 
2.46 


22  15 
9.06 
5.34 
3.96 
3.18 
3.00 


9  52 
4.85 
2.56 
2.01 
1.73 
1.64 


23  95 
9.78 
5.87 
4.47 
3.71 
3.51 


Cost 


1   Based    on    cost    of    $0,138     per    minute    x     1.385     delay  factor    =    $0,191     per     minute, 

minutes    per    turn    x    cost     per     minute  ,,  .  .        , 

per  unit  voume  =  ' 1 : '^  .  Horsepower  is   net  engine   horsepower. 

'^  volume   per   turn  '^  =  r- 

•-'   Scribner   rule. 
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Table  22.— Total  direct  logging  cost  per  unit  volume  in  Douglas-fir  thinning 
operations,  by   skidding   slope   distance,   65-hp.  crawler  tractor, 
1965' 


Volume 

Number  of 
logs  per  turn 

Skidd 

ng  slope  distance  (1 

eet) 

per  log 

50 

100       1 

200 

1        400 

700 

1,000 

Cubic  feet: 



—    Dollars    per 

100    cubic 

feet 



5 

10 

28.15 

28.37 

28.81 

29.71 

31.01 

32.35 

10 

10 

17.44 

17.55 

17.78 

18.22 

18.87 

19.24 

25 

10 

10.70 

10.74 

10.83 

11.01 

11.27 

11.54 

50 

6 

8.24 

828 

8.36 

8.51 

8.74 

8.97 

100 

3 

7.32 

7.36 

7.44 

7.58 

780 

8.02 

150 

2 

7.05 

7.09 

7.16 

7.31 

7.53 

7.75 

Board  feet:^ 



Dollars     per 

M    board     feet     —  —  - 

20 

10 

68.26 

68.81 

69.96 

72  16 

75.41 

78.76 

50 

10 

38.26 

38.48 

38.94 

39.82 

41.12 

42.46 

100 

10 

24.66 

24.77 

24.99 

25.44 

26.08 

26.75 

200 

7.5 

17.48 

17.55 

17  70 

18.00 

18.43 

1887 

500 

3 

1306 

13.13 

13.28 

13.58 

14.00 

14.45 

^   Includes    felling     and    bucking,    skidding,     loading,     and     hauling     30      miles.        Horsepower     is 
net  engine   horsepower. 
^  Scribner   rule. 


Table  23.— Total  direct  logging  costs  per  unit  volume  in  Douglas-fir  thinning 
operations,  by   skidding   slope   distance,  50-hp.  crawler   tractor, 
1965' 


Volume 

Number  of 
logs  per  turn 

Skidd 

ng  slope  distance   (f 

;et) 

per   log 

50 

100 

200 

400 

700 

1       1,000 

Cubic  feet: 

. 

-  —  —    Dollars    per 

00    cubic    1 

eet 

5 

10 

28.79 

28.95 

29.29 

29.93 

30.91 

31.93 

10 

10 

17.86 

17.94 

18.10 

18.43 

18.92 

19.43 

25 

6 

10.99 

11  04 

11.15 

11.37 

11.69 

13.55 

50 

3 

8.53 

8.59 

8.69 

8.91 

9.24 

9.58 

100 

1.5 

752 

7.57 

768 

7.90 

8.23 

8.57 

150 

1 

7.15 

7.21 

7.32 

7.54 

786 

8.20 

Board  feet:^ 
20 

Dolla 

69.71 

W 

board     f 
72.06 

10 

69.31 

70.46 

74.51 

76  96 

50 

10 

38.86 

39.04 

39.32 

39.98 

40.96 

41.92 

100 

7 

25.29 

25.41 

25.61 

26.08 

26.78 

27.48 

200 

3.5 

1825 

18.36 

18.58 

19.03 

19.73 

20.43 

500 

1.4 

13.60 

13.71 

13.91 

14.38 

15.08 

15.58 

^   Includes    felling    and    bucking,     skidding,    loading,    and    hauling   30   miles.      Horsepower    is   net 
engine   horsepower. 
^  Scribner  rule. 
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Table  24.— Total  direct  logging  costs  per  unit  volume  in  Douglas-fir  thinning 
operations,  by  skidding  slope  distance,  60-hp.  four-wheel  skidder, 
1965' 


Volume 

Number  of 
logs   per   turn 

Skidd 

ing   slope  distance 

(feet) 

per   log 

50 

100       1 

200 

1        400 

1         700 

1,000 

Cubic  feet: 

rs    per 

100    cubic 

feel 

5 

10 

27,73 

27,85 

28.11 

28.61 

29.29 

30.03 

10 

10 

17.22 

17,27 

17  41 

17.65 

18.00 

18.36 

25 

6 

10.79 

1083 

10.92 

11.09 

11,32 

11  56 

50 

3 

8,49 

8,53 

8.61 

8,78 

9,01 

9.25 

100 

1.5 

7,55 

7,59 

7,67 

7,84 

8,07 

8.31 

150 

1 

7.22 

7,26 

7,35 

751 

7,74 

7.98 

Board   feet:^ 

rs     per 

M    board 

20 

10 

66.66 

67,06 

67.61 

68,86 

70,76 

72.56 

50 

10 

37.64 

37.78 

38  02 

38,50 

39,28 

40.00 

100 

7 

24.65 

24.76 

24.92 

25.28 

2582 

26.35 

200 

3.5 

17.97 

18.07 

18.25 

18.60 

19.15 

19.66 

500 

1.4 

13,68 

13.80 

13.95 

14.31 

14.85 

15.38 

^   Includes    felling    and    bucking,    skidding,    loading,    and   hauling   30   miles.      Horsepower    is   net 
engine   horsepower. 
^  Scribner  rule. 


Table 

25.-BC 

sic  hauling  cost  per  trip,   1965' 

Distance  (miles) 

Road         ^'ZnT 
.        3             rouna- 

^P^           trip   mile 

Travel 
time 

Cumulative 
travel 
time 

Cumulative 

operating 

cost^ 

Cumulative 
tire 
cosf 

Federal- 
State 
highway 
use  tax^ 

Delay 
costs 

Total 
basic 
cost 

Adiusted 
basic 

Sectional 

Cumulative 

hauling 
cost' 

0.3 

0.3 

3.7 

4.0 

2.0 

6.0 

4.0 

10.0 

10.0 

20.0 

10.0 

30.0 

10.0 

40.0 

10.0 

50.0 

10.0 

60.0 

10.0 

70.0 

6.33 

-  Minutes  - 

1.9 



G1 

1.9 

0.40 

G2 

4.82 

17.8 

19.7 

4.12 

PI 

4.63 

9.3 

29.0 

6.06 

P2 

3.75 

15.0 

44.0 

9.20 

P3 

3.60 

36.0 

80.0 

16.72 

P4 

3.18 

31.8 

111.8 

23,37 

P4 

3.18 

31.8 

143.6 

30.01 

P4 

3.18 

31.8 

175.4 

36.66 

P4 

3.18 

31.8 

207.2 

43.30 

P4 

3,18 

31.8 

239.0 

49.95 

0.03 

.38 

.44 

.56 

.87 

1.18 

1.49 

1.80 

2.11 

2.42 


3.57 

0.03 

3.11 

4.43 

.41 

3.11 

8.02 

994 

.61 

3.11 

10.22 

12.67 

1.01 

3.11 

13.88 

17.21 

2.03 

3.11 

22.73 

28.19 

3.04 

3.11 

30,70 

38.07 

4.06 

3.11 

38,67 

47.95 

5.07 

3.11 

46  64 

57.83 

6.08 

3.11 

54,60 

67.70 

7.10 

3  11 

62,58 

77.60 

1   Derived    from     Logging    Road    Handbook     (Byrnes     et    al.     1960). 

^   Road   types:      Gl     Grovel,     single     lane,      8-percent      slope  P2   Paved   highway,  4-percent  slope 

G2   Gravel,    1-1/2     lone,    4-percent    slope  P3   Paved   highway,   3-percent  slope 

PI    Paved    highway,     6-percent    slope  P4   Paved   highway,   2-percent   slope 

3  Operating    cost     =     $0.2090    per     minute    (0.0298    fixed    cost    +   $0.1202      operating      cost    +      $0.0590     labor    cost);      excludes      tire 
cost. 

■*  Tire    cost    =    $0,094    per     mile    on    gravel    road,    $0.0310    per    mile   on   paved   road. 

^   Federal-State    highway    use     tax    token     as    $0.1014    per    mile 

®   Delay    cost    =     $0.0888    per    minute    for   average    of   35    minutes   for     scaling,    waiting    at    landing,    etc.,    or    $3.11     per     trip. 

'   Based   on    adjustment   factor   of    1.24   for   price   changes    1959-65. 
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Table  26.— Supplemental  hauling    cost  per    load,    1965^ 


Volume 
per   log 

Ratio: 
bd.   ft./ 
cu.  ft. 

Volume 
per 
load 

Logs 
per 
load 

Time 

per 

load2 

Supplemental   hauling 

cost  per   load 
at  $0.1101   per  minute 

Cubic  feet: 

Feet 

Number 

Minutes 

Dollars 

2.5 



744 

298 

60 

6.61 

5 

— 

744 

149 

60 

6.61 

10 

-- 

744 

74 

60 

6.61 

25 



744 

30 

33 

3.63 

50 



744 

15 

22 

2.42 

100 



744 

7.4 

321 

2.31 

150 

-- 

744 

5 

318 

1.98 

Board   feet: 

4 

10 

3.3 

2,455 

246 

60 

6.61 

20 

4.0 

2,976 

149 

60 

6.61 

50 

4.2 

3,125 

62 

55 

6.06 

100 

46 

3,422 

34 

36 

3.96 

200 

5.1 

3,794 

19 

26 

2.86 

500 

6.3 

4,687 

9.4 

19 

2.09 

1,000 

7.1 

5,282 

5.3 

3,9 

2.09 

1,500 

7.6 

5,654 

3.8 

317 

1.87 

1  Supplemental  hauling  cost  is  the  cost  of  truck  and  driver  during  loading 
time. 

2  At  0.6  minute  per  log  direct  loading  lime  plus  11.4  minutes  fixed  time 
per  load,  multiplied  by  1.123  delay  factor.  Maximum  time  per  load  taken 
OS  60   minutes. 

3  At    1.0    minute    instead    of    0.6     minute    per    log    direct    loading    time. 
*  Scribner  rule. 


Table  27.— Total  hauling   cost,  related  to  cubic-foot  log  volumes,  1965 


Cost   basis 

hauling   dis 

(miles) 

and 

tance 

For   log   vol 

umes    (cubic 

feet)   of 

2.5 

1          5 

10 

25 

50 

100 

150 

Dollars 

Per   trip: 

10 

23.82 

23.82 

23.82 

20.84 

19.63 

19.52 

19.19 

20 

34.80 

34.80 

34.80 

31.82 

30.61 

30.50 

30.17 

30 

44.68 

44.68 

44.68 

41.70 

40.49 

40.38 

40.05 

40 

54.56 

54.56 

54.56 

51.58 

50.37 

50.26 

49.93 

50 

64.44 

64.44 

64.44 

61.46 

60.25 

60.14 

59.81 

60 

74.31 

74.31 

74.31 

71.33 

70.12 

70.01 

69.68 

70 

84.21 

84.21 

84.21 

81.23 

80.02 

79.91 

79.51 

Per   100  cubic 

feet: 

10 

3.20 

3.20 

3.20 

2.80 

2.64 

2.62 

2.58 

20 

4.68 

4.68 

4.68 

4.28 

4.11 

4.10 

4.06 

30 

6.01 

6.01 

6.01 

5.60 

5.44 

5.43 

5.38 

40 

7.33 

7.33 

7.33 

6.93 

6.77 

6.76 

6.71 

50 

8.65 

8.65 

8.65 

8.26 

8.10 

8.08 

8.04 

60 

9.99 

9.99 

9.99 

9.59 

9.42 

9.41 

9.37 

70 

11.32 

11.32 

11.32 

10.92 

10  76 

10.74 

10.69 

34 


Table  28.— Total   hauling    cost,  related   to   board-foot   log   volumes,    1965 


Cost  basis  and 
hauling   distance 

(miles) 

For   log   vo 

umes   (board 

feet,   Scribner 

rule)  of 

10 

20 

50 

100 

1       200         1 

500       1 

1,000 

1,500 

Q)q|I _    _    _ 

Per   trip: 

10 

23.82 

23.82 

23.27 

21.17 

20.07 

19.30 

19.30 

19.08 

20 

34.80 

34.80 

34.25 

32.15 

31.05 

30.28 

30.28 

30.06 

30 

44.68 

44.68 

44.13 

42.03 

40.93 

40.16 

40.16 

39.94 

40 

54.56 

54.56 

54.01 

51.91 

50.81 

50.04 

50.04 

49.82 

50 

64.44 

64.44 

63.89 

61  79 

60.69 

59.92 

59.92 

59.70 

60 

74.31 

74.31 

73.76 

71.66 

70.56 

69.79 

69.79 

69.57 

70 

84.21 

84.21 

83.66 

81.56 

80.46 

79.69 

79.69 

79.47 

Per   M   board 

feef: 

10 

9.70 

8.00 

7.45 

6.19 

5.29 

4.12 

365 

3  37 

20 

14.18 

11.69 

10.96 

940 

8.18 

6.46 

5.73 

5.32 

30 

18  20 

15.01 

14.12 

12.28 

10.79 

8.57 

7.60 

7.06 

40 

22.22 

18.33 

17.28 

15.17 

13.39 

10.68 

9.47 

8.81 

50 

26.25 

21.64 

20.44 

18.06 

16  00 

1278 

11.34 

10.56 

60 

30.27 

24.97 

23.60 

20.94 

18.60 

14.89 

13.21 

12.30 

70 

34  30 

28.30 

26.77 

23.83 

21.21 

17.00 

15.09 

14.06 

35 
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The  FOREST  SERVICE  of  the  U.S.  DEPART- 
MENT OF  AGRICULTURE  is  dedicated  to 
the  principle  of  multiple  use  management  of 
the  Nation's  forest  resources  for  sustained 
yields  of  wood,  water,  forage,  wildlife,  and 
recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest 
owners,  and  management  of  the  Notional 
Forests  and  National  Grasslands,  it  strives-- 
as  directed  by  Congress--to  provide  increas- 
ingly    greater    service     to    a     growing    Nation. 
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STUDY  AREA 


DUCTION 

Each  winter  a  nun-il:>er  of  mass 
"novements,  such  as  earthllows 
umps,  occur  in  the  Ccast  Ranges 
Cascades      of     western      Oregon. 

movements ,  generally  occurring 
I  periods  of  heavy  and  prolonged 
.11,  often  disrupt  roads  and  dam- 
:her  improvements.    Some,  how- 

reiTiain  undiscovered  in  remote, 
:urbed  areas. 

During  the  winter  of  1964-65, 
was  an  unusually  large  number 
iss  soil  movements  in  western 
■n.  A  high  proportion  of  these 
nents  occur  red  during  the  severe 
L  that  struck  northern  California 
regon  the  week  before  Christmas, 
after  this  storm,  it  was  found 
he  H.  J.  Andrews  Experimental 
■  t  was  in  one  of  the  hardest  hit 
and  was  in  an  excellent  location 
.  intensive  survey  of  storiTidam- 
'ith  emphasis  on  the  origin  of 
inass  soil  movements.  Accord- 
a  survey  of  all  mass  movements 
Experimental  Forest  was  initia- 
Dril  1    and  concluded  July  1  ,  1  965. 

The  study  had  several  aims: 
I  completely  describe  and  photo- 
i  all  major  movement  areas  in 
.ndrews  so  that  changes  in  the 
3  may  be  followed  and  documented, 
>  identify  the  types  of  movement 
I  had  occurred  and  estimate  the 
nt  of  damage  to  the  site  and/or 
jvements,  (3)  to  attempt  to  de- 
he  relationship  between  the  mass 
lovement  and  (a)  amount  of  man' s 
rbance  and  (b)  certain  site  factors 
as  geology,  soil,  elevation,  and 
t. 


The  H.  J.  Andrews  Experi- 
mental Forests'  comprises  the  entire 
15,000-acre  drainage  of  Lookout 
Creek,  located  approximately  40  miles 
east  of  Eugene,  Greg.  ,  and  part  of  the 
Willamette  National  Fore  st.  The  area 
lies  within  the  Western  Cascades 
physiographic  province  and  is  pre- 
dominantly mature  topography  with 
sharp  ridges  and  steep  slopes.  Bed- 
rock in  the  area  is  niade  up  of  pyro- 
clastics  (tuffs  and  breccias)  and  basic 
igneous  rocks  (basalt  and  andesite). 
Forest  cover  is  coinprised  of  old- 
growth  Douglas -fir  (Pseudotsuga 
menziesii)  ,  with  varying  amounts  of 
western  hen^ilock  (Tsuga  heterophylla) 
and  western   redcedar  (Thuja  plioata) . 

THE  STORM 


Fredriksen  has  described  the 
characteristics  of  the  1964  Christmas 
storm  in  the  H.  J.  Andrews  area  in 
some  detail.—'  At  lower  elevations, 
more  than  13  inches  of  rain  in  4  days 
was  supplemented  by  an  undetermined 
amount  of  snowmelt.  This  storm  has 
generally  been  classified  as  an  event 
with  a  50-year  return  period.  How- 
ever,   Fredriksen   pointed    out   that    in 
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STUDY  AREA 


INTRODUCTION 

Each  winter  a  number  of  mass 
soil  movements,  such  as  earthflows 
and  slumps,  occur  in  the  Coast  Ranges 
and  Cascades  of  western  Oregon, 
These  movements,  generally  occurring 
during  periods  of  heavy  and  prolonged 
rainfall,  often  disrupt  roads  and  dam- 
age other  improvements.  Some,  how- 
ever, remain  undiscovered  in  remote, 
undisturbed  areas. 

During  the  winter  of  1964-65, 
there  was  an  unusually  large  number 
of  mass  soil  movements  in  western 
Oregon.  A  high  proportion  of  these 
movements  occurred  during  the  severe 
storm  that  struck  northern  California 
and  Oregon  the  week  before  Christmas. 
Soon  after  this  storm,  it  was  found 
that  the  H.  J.  Andrews  Experimental 
Forest  was  in  one  of  the  hardest  hit 
areas  and  was  in  an  excellent  location 
for  an  intensive  survey  of  storm  dam- 
age with  emphasis  on  the  origin  of 
large  mass  soil  movements.  Accord- 
ingly, a  survey  of  all  mass  movements 
in  the  Experimental  Forest  was  initia- 
ted April   1    and  concluded  July  1  ,  1  965, 

The  study  had  several  aims: 
(1)  to  completely  describe  and  photo- 
graph all  major  movement  areas  in 
the  Andrews  so  that  changes  in  the 
future  may  be  followed  and  docuniented, 
(Z)  to  identify  the  types  of  movement 
which  had  occurred  and  estimate  the 
amount  of  damage  to  the  site  and/or 
improvements,  (3)  to  attempt  to  de- 
fine the  relationship  between  the  mass 
soil  movement  and  (a)  amount  of  man'  s 
disturbance  and  (b)  certain  site  factors 
such  as  geology,  soil,  elevation,  and 
aspect. 


The  H,  J.  Andrews  Experi- 
mental Forests'  comprises  the  entire 
15,000-acre  drainage  of  Lookout 
Creek,  located  approximately  40  miles 
east  of  Eugene,  Oreg,  ,  and  part  of  the 
Willamette  National  Forest.  The  area 
lies  within  the  Western  Cascades 
physiographic  province  and  is  pre- 
dominantly mature  topography  with 
sharp  ridges  and  steep  slopes.  Bed- 
rock in  the  area  is  made  up  of  pyro- 
clastics  (tuffs  and  breccias)  and  basic 
igneous  rocks  (basalt  and  andesite). 
Forest  cover  is  comprised  of  old- 
growth  Douglas  -  fir  (Pseudotsuga 
menziesii )  ,  with  varying  amounts  of 
western  henilock  (Tsuga  hetevophylla) 
and  western   redcedar  (Thuja  plioata) . 

THE  STORM 


Fredriksen  has  described  the 
characteristics  of  the  1  964  Christi"nas 
storm  in  the  H.  J.  Andrews  area  in 
some  detail,—  At  lower  elevations, 
more  than  13  inches  of  rain  in  4  days 
was  supplemented  by  an  undetermined 
amount  of  snowmelt.  This  storm  has 
generally  been  classified  as  an  event 
v/ith  a  50-year  return  period.  How- 
ever,   Fredriksen    pointed    out   that    in 
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Berntsen,  Carl,  M.  ,  and 
Rothacher,  Jack.  A  guide  to  the  H. 
J.  Andrews  Experimental  Forest. 
Pacific  Northwest  Forest  &  .Range 
Exp.    Sta,  ,    21   pp.,    illus.      1959. 
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—  Fredriksen,  R.  L.  Christ- 
mas storm  damage  on  the  H.  J. 
Andrews  Experimental  Forest,  U,  S. 
Forest  Serv.  Res.  NotePNW-Z9,  11 
pp.  ,    illus.      1965, 


only  1  2  years  of  record  at  the  Experi- 
mental Forest,  this  was  the  second 
storm  to  total  more  than  13  inches  of 
precipitation  within  a  4  -  day  period. 
He  concluded,  "we  believe  4  -  day 
storms  which  deliver  13  inches  are 
probably  not  unusual."  The  fact  re- 
mains, however,  that  this  storm 
caused  the  most  extensive  damage  re- 
corded since  establishment  of  the 
Experimental  Forest  in  1948. 

METHODS 


RESULTS 


Descriptions  of  47  mass  move- 
ment events  were  made  in  the  Andrews 
Forest  (fig.  1).  Estimated  sizes 
ranged  from  100  to  75,  000  cubic  yards, 
and  the  total  quantity  of  material 
moved  was  about  347,  800  cubic  yards. 


Mass  movements 

by  morphological  class 


Information  recorded  at  each 
soil  movement  site  included  type  and 
specific  characteristics  of  soil  or 
debris  movement,  general  character- 
istics of  the  area,  and  assessment  of 
factors  influencing  the  soil  or  debris 
movement.  Photographs  were  also 
taken  at  each  site  and  a  sketch  made 
showing  the  outstanding  features.  An 
attempt  was  made  to  find  and  describe 
all  events  where  100  cubic  yards  or 
more  of    soil  or  debris  were  involved. 


The  movements  have  been 
grouped  into  10  classes  on  the  basis 
of  their  morphological  characteristics 
(table  1).  Earthflows  occur  when  the 
soil  becomes  saturated,  and  pore- 
water  pressure  builds  up  to  such  an 
extent  that  the  soil  mass  flows  out  in 
a  generally  tongue-  shaped  form. 
Slumps,  also,  generally  occur  in 
saturated  soils;  however,  they  are 
characterized  by  rotational  movement 
and       spoon-  shaped      failure     planes. 


Table   1. — Mass   movements    occurring   on    the   H.    J.    Andrews   Experimental   Forest 
during    the   winter   of    1964-65,    by   morphological    class 


Morphological    class 


Events 


Material  moved 


Earthf low 

Slump  with  earthflow 

Slump 

Earthflow  causing  channel  scour 

Slump  causing  channel  scour 

Debris  slide  causing  channel  scour 

Channel  scour 

Roadfill  washout 

Avalanche  with  rilling 

Debris  avalanche  with  earthflow 


Number 

Cubic  yards 

18 

104,600 

7 

14,525 

3 

4,050 

5 

82,350 

4 

106,300 

2 

7,500 

3 

26,300 

3 

1,050 

1 

100 

1 

1,000 

Total 


47 


347,775 
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Channel  scouring  is  generally  caused 
by  massive  and  sudden  failure  of  the 
entire  unconsolidated  mantle,  most 
often  in  areas  of  the  over  steepened 
drainage  heads.  Debris  avalanches 
involve  the  sudden  downslope  move- 
ment of  largely  rock  niaterial  in  steep 
terrain.  The  earthflow,  slump,  and 
avalanche  classes  are  defined  by 
Eckel.-'' 

Earthflows  were  the  most  com- 
mon class  of  soil  movement  with  18 
out  of  the  total  47  events  falling  within 
this  class  (table  1).  Channel  scouring 
events  ranked  second  with  a  total  of 
14.  Only  three  of  these  events  were 
confined  entirely  to  the  drainage  chan- 
nel; the  remainder  were  triggered  by 
a  separate  mass  movement  which  fre- 
quently began  at  a  road.  The  third 
most  commonly  occurring  miovement 
class  v/as  the  slump  with  some  earth- 
flow  characteristics.  Soil  material 
which   has    slumped    down,    when  satu- 


rated with  water,  will  frequently  flow 
out  at  the  toe  and  may  travel  a  great 
distance  downslope.  Only  three  slump 
events  were  completely  devoid  of  flow 
characteristics.  These  were  back  slope 
slumps  where  the  material  came  to 
rest  on  the   road  surface. 

A  consideration  of  amounts  of 
material  moved  emphasizes  the  im- 
portance of  earthflow  and  channel 
scoviring  events  (table  1).  i  hf  re- 
maining forms  of  movement  contrib- 
uted very  little  to  the  total  amoutl  of 
material  nioved. 


Mass  movement  by  mode  of 
action  or  disturbance 

Mass  movements  on  the 
Andrews  were  also  classified  accord- 
ing to  type  of  disturbance  or  mode  of 
action  (table  2),  with  attention  focused 
on    the   source  area  of   the  event.      For 


Table   2. — Mass   movements    occurring   on   the   H.    J.    Andrews   Experimental   Forest 
during    the  winter    of    1964-65,    by   mode    of    action   or   disturbance 


Type    of   disturbance 


Events  Material   moved 


Roadflll    failure 

Road   backslope    failure 

Road   backslope    and    fill    failure 

Events    caused   by    road    drainage   water 

Road    removed   by   stream 

Events    In   logged   areas 

Events    In   undisturbed    areas 


Number 

12 
5 
6 
8 
3 
8 
5 


Cubic   yards 

40,900 
14,400 
38,325 
86,450 
4,350 
22,150 
141,200 


Total 


47 


347,775 
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—      Eckel,    Edwin  B.  ,    ed.      Landslides   and  engineering  practice.      High- 
way Res.    Board  Spec,    Rep.    29,    232  pp.,    iUus.      Washington,    D.C.      1958. 


example,  when  a  channel  scouring 
event  originated  in  an  untouched  stand 
of  timber,  it  was  clas  sified  as  a  move- 
ment occurring  in  an  undisturbed  area 
even  though  at  a  downstream  location, 
roads  may  have  been  severely  damaged. 

Although  only  five  events  oc- 
curred in  undisturbed  areas,  this  type 
contained  the  largest  volume  of  mate- 
rial. Events  caused  by  road  drainage 
water  ranked  second,  with  the  other 
five  types  far  behind.  Each  class  is 
considered  separately  below: 


1.    Roadfill  failure. 

The  most  common  single  type 
of  mass  movement  on  the  Andrews 
was  the  roadfill  failure  (12  events) 
(fig.  2).  This  is  apparently  a  rather 
simple  type  of  moven"ient  caused 
by  the  saturation  of  the  roadfill 
embankment.  Most  of  the  fill  ma- 
terials, especially  those  derived 
from  pyroclastics,  appear  to  flow 
readily  when  saturated.  As  nearly 
as  could  be  determined,  these 
failures  were  not  due  to  improper 
road  drainage  but,  rather,  were 
caused  by  the  unusually  large 
amounts  of  rainfall  or  perhaps  by 
improper  fill  compaction. 


^ 


2.    Road  backslope  failure. 

This  is  a  common  event,  which 
frequently  results  in  road  blockage 
(fig.  3).  The  failure  most  often 
takes  the  form  of  a  slump,  but  the 
slump  material  may  have  some 
earthflow  characteristics  near  the 
toe.  The  most  failure-prone  back- 
slopes  were  those  constructed  in 
areas  of  deep,  well-weathered  tuffs 
and  breccias.  These  saprolitic 
materials  fail  easily  when  exces- 
sively moist.  If  failures  did  occur 
in  areas  of  andesiteor  basaltparent 
material,  invariably  the  local  bed- 
rock was  highly  fractured.  Like 
the  majority  of  other  mass  move- 
ment events,  backslope  slunips 
occur  only  when  the  mantle  is  satu- 
rated and  are  also  more  common 
in  areas  where  mass  movement  has 
occurred  repeatedly  in  the  past. 
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Figure  3. --Backslope  failure  in  an  area 

of   soil   derived   from    andesife 

colluvium. 


Figure  2. --Roadfill  failure  in  the 

H.  J.   Andrews  Experimental  Forest. 


3.  Road   backslope   slump    causing  fill 
failure. 

Six  events  in  the  Andrews  fit 
within  this  type  (fig.  4).  In  effect, 
this  is  a  "chain  reaction"  with  the 
general  sequence  as  follows:  A 
portion  of  the  backslope  becomes 
saturated  and  slumps  down  onto  the 
road  surface,  thus  blocking  the  in- 
side drainage  ditch.  The  drainage 
water  is  then  diverted  across  the 
road  surface  and  down  onto  the  fill 
slope  from  the  outside  portion  of 
the  road.  The  fill  slope  becomes 
saturated  with  water  and  an  earth- 
flow  type  of  movement  follows,  en- 
croaching to  a  varying  extent  onto 
the  road  surface.  In  some  cases, 
the  "chain"  is  further  lengthened  by 
the  fact  that  the  earthflow  on  the 
fill  slope  may  trigger  channel  scour- 
ing    in     a     drainage     belov/. 

4.  Mass  movement  caused    by  concen- 
tration of  road  drainage  water. 

There  are  two  classes  of  events 
under  this  heading:  (a)  those  due  to 
the  concentration  of  road  drainage 
water,  even  though  the  road  drain- 
age system  was  apparently  function- 
ing properly  (fig.  5),  and  (b)  those 
caused  by  failure  of  some  portion 
of  the  drainage  system--for  exam- 
ple, a  clogged  culvert  or  inside 
ditch. 

Events  caused  by  concentration 
of  road  drainage  water.  --Four 
events  in  the  Andrews  fall  within 
this  category.  In  all  cases,  the 
event  was  associated  with  stream 
channel  scouring.  The  typical  se- 
quence was  as  follows:  Extremely 
large  quantities  of  water  flowing 
from  a  culvert  completely  saturated 
the  soil  mantle  below  the  road.  In 
most  cases,  this  saturated  area  was 
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Figure  4. --View  o/  typical  backslope  slump 
which  has  also  caused  roadfill  failure. 


near  the  head  of  a  tributary  drain- 
age. When  the  soil  became  satu- 
rated, the  entire  mantle  either 
slumped  or  flowed  downslope  and 
temporarily  blocked  the  drainage 
channel.  When  a  sufficient  head  of 
water  was  built  up,  this  temporary 
dam  breached,  and  a  wall  of  water 
and  debris  rushed  down  the  channel 
removing  everything  in  its  path. 
The  end  result  was  a  drainage  chan- 
nel from  which  virtually  all  uncon- 
solidated rriate  rial  has  been  remov- 
ed exposing  bare  rock. 

All  fovir  events  of  this  type 
occurred  in  areas  of  hard,  frac- 
tured,   greenish  breccias  and  tuffs. 


Figure  5. --Soil  movement  at  the  head  of  a  drainage 
caused  by  high  flows  through  the  culvert  and 
inadequate  energy  dissipation  at  the  outlet  end. 
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Events  caused  by  failures  in 
the  road  drainage  system.  --Of  four 
of  these  events  in  the  Andrews, 
three  were  ZOO  to  500  cubic  yards 
in  size,  while  the  fourth  involved 
approximately  75,000  cubic  yards 
of  material.  In  every  case,  these 
failures  occurred  in  areas  of  deeply 
weathered  tuffs  and  breccias.  All 
were  flow- or  slunip-type  movements 
of  roadfill  or  sidecast  material, 
none  of  which  resulted  in  channel 
scouring.  In  these  cases,  the  con- 
centration of  water  resulting  in  the 
neces  sary  saturation  came  from  the 
clogging  of  a  culvert  or  inside  ditch 
(fig.  6).  These  blockages  had  grave 
consequences  because  of  the  tremen- 
dous volumes  of  water  diverted  onto 
the   roadfill  or   sidecast   materials. 

5.    Road       removed      or      damaged      by 
stream. 


Figure  6. --Massive    roadfill     failure    caused    by 
blockage  of  road  drainage  ditch. 


In  three  cases,  culverts  carry- 
ing perennial  or  intermittent 
streams  failed  either  because  of 
inadequate  size  or,  more  probably, 
because  they  became  blocked  by 
debris  (fig.  7).  As  a  result,  roads 
were  completely  washed  out  or 
were   severely    damaged. 


Figure  7  --Debris  which  blocked  the  culvert  and 
caused  several  feet  of  material  to  be  deposited 
on  the  road  surface.     (Road,   in  foreground,  has 

been  repaired. ) 


IX    sTi 


6.    Mass    movement    events     in     logged 
areas. 

The  eight  mass  movement 
events  in  logged-over  areas  were 
principally  earthflows  (fig.  8),  al- 
though two  also  had  some  slump 
characteristics.  They  ranged  in 
size  from  150  to  9,  500  cubic  yards 
of  material.  Four  of  the  movements 
occurred  in  areas  which  gave  ample 
evidence  of  considerable  niass  soil 
movement  in  the  past  (i.  e.  ,  very 
uneven,  hummocky  relief).  The 
remaining  four  were  on  smooth, 
steep  slopes.  In  two  cases,  where 
the  movements  occurred  at  the 
heads  of  drainages,  there  was  ex- 
tensive channel   scouring. 

Although  these  movements  took 
place  in  disturbed,  logged  areas,  in 
every  case  it  is  impossible  to  say 
whether  the  logging  per  se  caused 
the  instability.  It  is  probably  safe 
to  assume  that  at  least  one  or  two 
of  them  would  have  occurred  even 
if  the  area  had  not  been  logged. 


Figure  8.--Mossive  earfhflow  in  recently  logged  area. 


7.    Mass     movement     events    in   undis- 
turbed areas. 

Of  five  mass  movement  events 
in  completely  undisturbed  areas, 
all  were  connected  with  channel 
scouring  (fig.  9),  but  three  also  had 
earthflow  characteristics  at  the 
source  area.  Size  of  these  move- 
ments ranged  from  200  to  75,000 
cubic  yards--four  were  among  the 
largest  slides  that  occurred  on  the 
Andrews.  The  average  for  all  five 
events  was  well  over  28,000  cubic 
yards. 


Figure  9. --Channel     scour     event     in 
undisturbed     timber. 


With  one  exception,  these 
events  constituted  failures  at  the 
heads  of  drainages.  These  areas 
are  often  very  steep  and  unstable 
due  to  the  headward  erosion  of  the 
stream  channel.  When  these  areas 
become  completely  saturated,  the 
weight  of  water  adds  to  the  driving 
force  and  at  the  same  tin-ie  de- 
creases the  strength  of  the  soil. 
Sudden,  massive  failures  frequently 
result.  This  is,  undoubtedly,  the 
normal  course  of  geologic  erosion 
in  this  area,  and  there  is  little  that 
man  can  do  to  forestall  events  of 
this  type. 


Relationship  between  mass  movements 
and  certain  site  characteristics 

The  influence  of  roads  on  mass 
movements  in  the  Andrews  is  clearly 
indicated  in  table  3.  Although  over  72 
percent  of  the  mass  movements 
occurred  in  connection  with  roads, 
only  1.8  percent  of  the  total  area  of 
the  forest  is  in  road  rights-of-way. 
On  the  other  hand,  only  about  11  per- 
cent of  the  events  occurred  in  undis- 
turbed areas.  Since  84.6  percent  of 
the  total  area  is  undisturbed,  this  is 
far  less  than  would  be  expected  if  the 
events  occurred  in  a  random  nianner. 

In  the  western  Cascades  ,  it  has 
been  observed  that  mass  soil  move- 
ments occur  much  niore  frequently  in 
areas  of  pyroclastic  rocks  (tuffs  and 
breccias)  than  in  areas  where  the  bed- 
rock is  comprised  of  basalt  or 
andesite.  It  has  also  been  noted  else-" 
where  that  greenish  tuffs  andbreccias 
are  more  unstable  than  are  their  red- 
dish counterparts.  These  relationships 
are  borne  out  by  the  data  presented  in 
table  3.  About  94  percent  of  the 
events     occurred    in    areas    with    a  tuff 


and/or  breccia  substratum,  even 
though  only  37  percent  of  the  total  area 
is  made  up  of  these  rocks.  Moreover, 
64  percent  of  the  mass  movements 
were  on  greenish  tuffs  and  breccias 
which  make  up  only  8  percent  of  the 
total  area-- clearly  indicating  the  un- 
stable nature  of  these  materials.  Al- 
though about  63  percent  of  the  area  is 
underlain  by  basalt  and  andesite  niate- 
rials,  only  6.4  percent  of  the  mass 
movement  events  occurred  there. 

When  soil  series  in  the  move- 
ment area  are  considered,  the  rela- 
tionship described  above  still  holds 
but  to  a  lesser  extent.  Eighty- seven 
percent  of  the  events  occurred  in 
areas  of  soil  from  tuffs  and  breccias-- 
the  breakdown  being  almost  49  percent 
on  soils  from  reddish  tuffs  and  brec- 
cias and  38  percent  on  soils  from 
greenish  tuffs  and  breccias.  The 
apparent  discrepancy  between  these 
figures  and  those  for  the  substratum 
reported  above  may  be  attributed  to 
the  fact  that  many  soils  have  been 
formed  in  transported  parent  mate- 
rials and  often  there  is  little  relation- 
ship between  the  soil  profile  and  the 
substratum.  It  was  noted  in  several 
cases  that  the  discontinuity  between 
the  soil  profile  and  the  underlying 
bedrock  constituted  the  failure  plane, 
probably  due  to  inherent  weakness  and 
v/ater  flowing  through  the   zone. 

Elevational  range  in  the  An- 
drews Experimental  Forest  is  approx- 
imately 1  ,  400-5,  300  feet.  All  but  two 
of  the  mass  movements  occurred  at 
elevations  below  2,900  feet  (fig.  10). 
The  great  bulk  of  the  events  (over  72 
percent)  occurred  in  the  elevational 
range  from  2,  000  to  2,  600  feet  (table 
3).  There  are  two  possible  reasons 
for  the  lack  of  mass  movements  at 
high  elevations:  (1)  Most  of  the  de- 
posits   of   tuffs    and    breccias    occur  at 


Table    3. — Relationship  between  occurrence  of  mass  movement  events  and  certain  site  factors 
in  the  H.  J.  Andrews  Experimental  Forest  during  winter  of  1964-65 


Site  factors 


Mass  movement 
events 


Total 
area 


Events  per 
1,000  acres 


Disturbance : 
Undisturbed 
Logging 
Road  construction 

Substratum  in  movement  area: 
Greenish  tuffs  and  breccias 
Reddish  tuffs  and  breccias 
Andesite  colluvium 
Basalt  and  andesite  residuum 

Soil  series: 

Soils  from  reddish  tuffs  and  breccias 

Frissel  Series 

McKenzie  River  Series 
Soils  from  greenish  tuffs  and  breccias 

Limberlost  Series 

Budworm  Series 

Slipout  Series 
Soil  from  andesite  colluvium 

Carpenter  Series 
Rock  land 

Elevation  (feet): 
1,400-1,700 
1,700-2,000 
2,000-2,300 
2,300-2,600 
2,600-2,900 
2,900-3,200 
over  3,200 

Slope  (percent) : 
0-15 
15-30 
30-45 
45-60 
60-75 
75-90 
Over  90 

Aspect : 
North 
Northeast 
East 

Southeast 
South 
Southwest 
West 

Northwest 
Level 


Percent    - 

Number 

10.6 

84.6 

0.4 

17.0 

13.6 

3.9 

72.4 

1.8 

125.9 

63.8 

8.0 

25.0 

29.8 

29.2 

3.2 

4.3 

42.7 

.3 

2.1 

20.1 

.3 

48.9 

22.8 

14.2 

27.6 

9.3 

9.3 

21.3 

13.5 

4.9 

38.3 

9.1 

37.2 

25.5 

4.1 

19.5 

4.3 

3.0 

4.4 

8.5 

2.0 

13.3 

10.6 

34.9 

.9 

2.1 

4.1 

1.6 

2.1 

2.7 

2.5 

8.5 

6.2 

4.3 

31.9 

8.8 

11.4 

40.4 

10.9 

11.6 

12.8 

13.1 

3.0 

2.1 

10.9 

.6 

2.1 

47.4 

.1 

2.1 

5.9 

1.1 

0 

25.2 

0 

14.9 

34.6 

1.3 

36.2 

22.8 

5.0 

31.9 

8.4 

11.9 

14.9 

2.5 

18.7 

0 

.6 

0 

8.5 

16.8 

1.6 

14.9 

5.0 

9.3 

8.5 

5.9 

4.5 

17.0 

11.4 

4.7 

0 

11.9 

0 

4.3 

16.8 

.8 

19.2 

9.9 

6.1 

25.5 

19.3 

4.1 

2.1 

3.0 

2.2 

10 


lower  elevations;  (2)  temperatures 
prevailing  above  3,  000  feet  at  the  time 
of  the  December  storm  may  have  been 
low  enough  to  maintain  some  snow 
cover. 

As  would  be  expected,  steep- 
ness of  slope  and  frequency  of  slides 
were  apparently  positively  correlated 
(table  3).  Only  about  a  sixth  of  the 
events  occurred  on  slopes  with  a  gra- 
dient of  less  than  45  percent  (fig.    10). 


For  some  reason,  mass  movements 
were  almost  nonexistent  on  slopes 
with  a  south  or  southwest  aspect- - 
probably  because  rock  weathering  and 
soil  formation  proceeds  much  more 
slowly  on  the  drier  aspects.  The  re- 
sulting shallow  soils  and  less  deeply 
weathered  rocks  may  give  rise  to  a 
greater  degree  of  stability.  It  appears 
that  mass  soil  movements  occur  more 
readily  in  areas  of  deep  soils  and  well- 
weathered  bedrock. 
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Figure  10. --Relationship    between    number    of  mass    movement   events  and 

elevation,  aspect,  and  slope. 
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DISCUSSION  AND  CONCLUSIONS 

Mass  soil  movements  are  the 
end  re  suit  of  a  combination  of  causative 
factors.  In  our  area,  these  generally 
include  soil  materials  of  low  internal 
strength,  sufficient  water  for  satura- 
tion or  near  saturation,  and  at  least 
moderately  steep  slopes.  Man's  acti- 
vities may  contribute  to  movement  by 
changing  the  slope  or  other  character- 
istics of  the  mantle  and  by  influencing 
the  distribution  of  water.  Since  a 
complex  of  factors  interact  in  the  pro- 
duction of  mass  movements,  it  is 
often  extremely  difficult  to  pinpoint 
the  specific  cause  of  amass  movement 
event.  In  a  very  real  sense,  every 
movement  event  differs  in  some 
respect  from  any  other  event,  and 
each  represents  a  particular  combina- 
tion of  conditions  which  culminates  in 
massive  mantle  failure. 

Perhaps  one  of  the  most  im- 
portant problems  facing  us  is  to  deter- 
mine the  extent  that  iTian's  activities 
contribute  to  the  occurrence  of  mass 
soil  movements.  From  our  experience 
in  the  H.  J.  Andrews  Experimental 
Forest,  we  are  forced  to  conclude  that 
man-caused  disturbance  has  had  an 
important  influence  in  the  occurrence 
of  mass  soil  movements.  Although 
logging  disturbance  also  apparently 
increased  movement  frequency,  this 
relationship  is  especially  marked  in 
the  case  of  road  construction.  How- 
ever, it  should  be  borne  in  mind  that 
in  an  area  such  as  the  Andrews  Forest, 
where  slopes  are  steep  and  a  large 
portion  is  underlain  by  soft,  deeply 
weathered  pyroclastic  rocks,  the  stage 
is  set  for  extensive  mass  movenients 
during  high  rainfall  periods  whether 
or  not  disturbance  is  a  factor.  There- 
fore, it  is  perhaps  often  true  that 
man's  activities  accelerate  the  occur- 
rence of  mantle  failure  events  in  an 
already     unstable     area,      rather     than 


contribute  in  any  significant  way  to 
this  basic  instability.  In  other  words, 
disturbance  may  cause  sortie  small 
and,  by  itself,  insignificant  change 
which  is  nonetheless  sufficient  to  upset 
the  tenuous  equilibrium  and  trigger 
mass   soil  movement. 

It  is  perhaps  of  some  signifi- 
cance that  the  largest  mass  nnovement 
events  encountered  in  this  study  were 
those  which  occurred  in  undisturbed 
areas.  All  involved  extensive  stream 
channel  scouring,  and  the  source  areas 
were  oversteepened  drainage  heads. 
This  general  pattern  is  interpreted  as 
the  normal  course  of  geologic  erosion. 
On  the  other  hand,  man-caused  move- 
ments are  generally  smaller,  since 
the  entire  slope--from  drainage  head 
to  main  stream  channel--is  generally 
not  involved.  Instead,  many  events  in 
disturbed  areas  involve  only  road 
rights-of-way,  or  perhaps  only  a  small 
portion  of  the  slope  below  the   road. 

Since  roads  are  so  often  an  im- 
portant factor  in  causing  mass  move- 
ments, the  problem  is  to  determine 
means  of  minimizing  their  effect. 
Perhaps  the  most  obvious  means  is  to 
reduce  road  mileage  to  an  absolute 
minimum.  In      steep,      mountainous 

terrain,  this  may  be  done  Vjy  the  use 
of  skyline  and,  possibly,  balloon  log- 
ging methods.  In  many  areas,  it  is 
possible  that  improvements  in  road 
location  may  appreciably  reduce  the 
frequency  of  mass  soil  movements. 
Unstable  soils  and  landforms  should 
be  identified,  and  the  route  selected 
should  avoid  these  areas  wherever 
possible.  In  addition,  improvements 
in  road  design  and  construction  may 
also  contribute  substantially  to  in- 
creased mantle  stability.  Modification 
of  waste  handling  to  avoid  sidecasting 
on  steep  slopes  and  provision  for  ade- 
quate road  drainage  are  two  of  the 
mort  iniportant  means  to  minimize 
mass  movement  hazard. 
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The  FOREST  SERVICE  of  the 
U.  S.  DEPARTMENT  OF  AGRICULTURE 
is  dedicated  to  the  principle  of  mul- 
tiple use  management  of  the  Nation's 
forest  resources  for  sustained  yields 
of  wood,  water,  forage,  wildlife,  and 
recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private 
forest  owners,  and  management  of 
the  National  Forests  and  National 
Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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Background  Discussion 


Introduction 


Why    are    some    trees    larger 
than  their  neighbors?     Are  they  older? 
inherently  faster  growing?      located 
on  a  better  microsite?      or  do  they 
receive  less  competition  from  nearby 
trees?      Such  possibilities  come  to 
mind  when  one  views  trees  of  unequal 
size  in  young,    even-aged  stands  of 
Douglas-  fir. 

The   relative   size  of  individual 
trees,    their  "dominance,"   was  inves- 
tigated in  three  young  Douglas-fir 
stands  in   1958-59.      Study  techniques 
were  designed  to  measure  effects  of 
smiall  differences  in  age  and  compe- 
tition on  comparative  heights  and 
diameters  within  groups  of  trees. 
Concepts,    field  and  analysis  tech- 
niques,   and  findings  are  herein 
reported. 


Identifying  the  factor  or  factors 
which  permitted  a  tree  to  grow  taller 
or  larger  than  its  neighbors  is  difficult. 
Because  dominance  must  be  manifest 
before  it  can  be   studied,    one  attempts 
to  peer  into  the  past  in   search  of  con- 
tributing causes.      Lack  of  long-term 
records  lirriits  investigation  to  those 
influencing  factors  detectable  for  eval- 
uation now.      Historical     happenings 
which  differentially  aided  or   retarded 
growth  of  the   subject    tree    and    its 
neighbors  are  often  permanently 
hidden  from  view.      Thus,    the  inves- 
tigator reluctantly  proceeds  on  the 
assumption  that  presently  detectable 
factors  have  been  important  influences 
in  the  past,    and  that  their   relative  in- 
fluence has  continued  unchanged  over 
a   span  of  years. 

Variations  in  time  and  condi- 
tions of  establishment,    shrub  and 
tree  competition,    genetic  potential, 
and  microsite  quality  probably  exert 
major   effects  on  tree   size.      Since 
microsite  differences  may  be  mini- 
mized if  trees  physically  close  to  one 
another  are  compared  and  genetic 
comparisons  cannot  be  made  in  short- 
term  experiments,    first  interest 
centers  on  how  cumulative   growth 
has  been  affected  by  differences  in 
age  and  comipetition  within  small 
groups  of  trees. 


This  paper  is   revised  from  "The  Influence  of  Time  of  Establishment  and  Competition 
on  the  Comparative  Heights  of  Second  Growth  Douglas-Fir  Trees,"   a  thesis   submitted    to 
Oregon  State  University  in  partial  fulfillment  of  requirements  for  the  Master  of  Science 
degree,    June   I960. 


Age 


So-called  even-aged  natural 
stands  may  actually  contain  trees 
with  a  range  of  ages.—       Depending 
on  the  nature  of  stand  establishment, 
a  tree's  present  greater  size  could 
possibly  be  due  merely  to  an  earlier 
start  of  one  to  several  years.     Incre- 
ment produced  in  several  additional 
years  of  grov/i;h  and  a  greater  average 
yearly  growth  caused     by   an    initial 
favorable  crown  and  root  position  may 
both  contribute  to  greater  size.      Once 
dominant  in  a  developing  stand,    rela- 
tive height  advantage  of  an  individual 
tree  is  often  maintained  or  increased 
(Heck  1925;  Warrack  1952).      Thus, 
greater  age  alone  may  cause   substan- 
tially greater  tree   size,    even  if  all 
other  contributing  factors  are  the 
same.      Conversely,    unequal  compe- 
tition among  adjacent  trees  might,    in 
time,    cause  loss  of  dominance  gained 
because  of  a  tree's  greater  age. 


Competition 


Numerous  measures  of  compe- 
tition appear  in  the  literature.      Num- 
ber of  trees  per  acre  v/as  used  to 
measure  density  and  its  effect  on 
expression  of  dominance  in  white 
pine   (Deen  1933).     A  study     directed 
more   specifically  toward  individual 
tree  performance      compared  height 
of  tallest  tree  in  relation     to      the 


—     "Even-aged.      Applied  to  a 
stand  in  which  relatively  small  age 
differences  exist  betv/een  individual 
trees.      The  maximum  difference  in 
age  permitted  in  an  even-aged  stand 
is  usually  10  to  20  years...." 
"Forestry  terminology,  "    3rd  ed.  , 
Society  of  American  Foresters, 
97  pp.,    Washington,    D.C.      1958. 


number  of  red  pines  within  a  surround- 
ing  20-foot  square   (Shirley  and  Zehn- 
graff  1942).      To  derive  a  competition 
factor  for  individual  white  and  Engel- 
mann  spruces,  De  Grace  (1950)  includ- 
ed trees  within  12  fret  of  the  subject 
tree  and  weighted  these  on  the  basis 
of  average  values  calculated  for  de- 
fined volume  classes.      Ten-year  height 
increment  was   inversely  related    to 
competition  as  defined  by  De  Grace 
with  a  correlation  coefficient  of  0.  69. 

In  another  approach,    the  theoret- 
ical growing  space  of  "  subdominant" 
white  pine  trees  was   correlated  with 
their    basal-area     growth    percent 
(Wojczynski  1932).       Radius    of   the 
growing  space  was  calculated    as    the 
arithmetic  mean  of  the  distances  from 
the   subject  tree  to  points  located    on 
lines  to  neighboring  trees,    the  point 
locations  being    determined    by    the 
proportion  of  subject  tree  d.b.h.    to 
neighboring  tree  d.b.h.        The    high 
correlation  found  between  basal-area 
growth  and  growing  space  by    this 
method  is  not  surprising,    since   sub- 
ject tree  size  was  not  kept  independent 
but  directly  influenced  the  estimation 
of  growing   space. 

When  competition     measures 
have  been  kept  independent  of  subject 
tree  size,    an  area  of  constant  sizehas 
commonly  been  used  to   represent 
growing  space  around  the  subject  tree. 
But  by  holding  area  constant,    the  vari- 
ation  in   space    requirements   between 
smaller  and  larger  competitors  is 
ignored.      A  modified  approach,    taking 
size,   number,  and  nearness  of  compet- 
itors into  consideration,    has  produced 
good  correlation  w^ith  diameter  growth 
of  the   subject  tree   (Spurr  1962). 

Competitive  effects  produced 
by  a  tree  are  related  to  its  root  and 
crown   spread.      Since  moisture  does 


not  move  through  soil  at  high  mois- 
ture tensions,    extent  of  a  tree's   root 
system  defines  the  limit  of  its   influ- 
ence on  water  and  soil  nutrients. 
Likewise,    areal   shade  is   related  to 
crown  diameter.      Both  roots  and 
crown  are  more  or  less    symmietrical 
around  the  tree  bole,    and  their  extent 
is  closely  correlated  to  d.b.h. 
(Briegleb  1952;  Smith  1964).      There- 
fore,   d.b.h.    is  one  easily  measured 
paramieter  related  to  the   growing 
space  used  and  the  competition  exert- 
ed by  an  individual  tree  during  its 
period  of  vigorous   growth. 

The  influence  of  distance  be- 
tween competitors  and  the  n^aximum 
distance  that  competition  is   exerted 
also   require   consideration.    In  Douglas- 
fir   spacing  tests  near  Carson,    Wash.  , 
competition  began  early  in   stand  de- 
velopment.     By  10  years  of  age,    trees 
at  wider  spacings   showed  greater 
height  growth  (Isaac   1937).      Differ- 
ences between  average  height  of  trees 
at  the   extreme   spacings    (4  by  4  and 
IZ  by  IZ  feet)  widened  with  age.     After 
33  years,    average  tree  height  at   iZ  by 
1  Z   spacing  on  site  TV   land  was   ZO  feet, 
or   53  percent  greater  than  at  the  4  by 
4  spacing.      Average  d.b.h.    was  more 
than  doubled  (Reukema   1959).    Although 
this   single  test   shows  that  Douglas-fir 
grows   larger  v/hen  given  space  to  grow, 
it  does  not  define  the   growing   space  a 
Douglas-fir  tree  of  a  given   size   re- 
quires  under  given  site   conditions  to 
be  free  of  competition. 


Black  Rock  Experimental    Forest  near 
Falls  City,    Oreg.  ;  and  the  third  on 
the  Adair  Tract  north  of  Corvallis, 
Oreg.^/     All  three   stands  were  of 
natural   origin  and  stocking  was  near 
normial   in  termis   of  stems  per  acre. 

Subject  trees  used  in   size  com- 
parisons were  in  groups  of  four 
(Voight  Creek)  or  five   (Adair,    Black 
Rock)  located   in   1/100-acre  plots 
spaced  about   Z  chains  apart.      The 
small  plot   size   served  to  minimize 
microsite  differences  between  the 
subject  trees.      Descriptive  data  fromi 
trees   sampled  in  each  stand  are  given 
in  table   1 . 

Trees   sampled  were  dominants, 
codominants,    or   strong  intermediates. 
Diamieter  at  breast  height,    height,    age, 
and  competition  were  measured  for    the 
subject  trees   on   each  plot.      Techniques 
used  for  the  latter  two  measurements 
and  for  data  analysis  are  described 
below. 


Age 


Accurate  borings  for  age   require 
penetration  through  the  tree  pith     at 
ground  level,     since  age  variation  in- 
creases with  height  of  sampling  (Brit- 
ish Colunibia   1950).      The  words  of 
Bauer  (19Z4)   emphasize  that  hitting 
the  pith  is   more   easily   said  than  done: 
''It  becomes  quite  an  art  to  find  the 
center  of  a  tree  accurately  when     a 
complex  of  factors  act  all  at  once  to 


Methods 


Three   Douglas-fir   stands  on 
site  quality  III  land  were  chosen  for 
the    study.        One   stand  was  located  on 
the  Voight  Creek  Experimental   Forest 
near  Orting,    Wash.  ;   another  on  the 


2/ 

—     Appreciation  is  expressed  to 

St.    Regis  Paper  Co.    for  permission 
to  study  the  first  stand  named;    to 
Oregon  State  University  for  permis- 
sion to   study  the  latter  two. 


Table  1. — Description  of  sampled  stands  and  trees 


Item 


Location 


Voight  Creek   Adair  Tract 


Black  Rock 


Site  index feet- 
Plots  number. 

Trees  per  plot number. 

Average  d.b.h inches. 

Average  range  in  d.b.h.  on 

plots inches  . 

Average  height  of  dominants 

and  codominants feet . 

Average  height,  all  trees feet. 

Average  range  in  height  on 

plots feet. 

Average  age  of  dominants  and 

codominants years. 

Average  age,  all  trees years. 

Average  range  in  age  on  plots . .years . 


136 
6 
A 

9.6 

4.9 

89.2 
86.8 

19.7 


147 

10 

5 

7.6 

3.0 

57.5 
57.1 

10.9 


45.4 

26.5 

45.2 

26.6 

4.2 

2.3 

125 

5 

5 

10.2 

4.7 

81.2 
77.7 

18.2 

45.0 

44.7 

3.2 


shift  it  from  its  logical  position.  " 
Stem  and  primary  root  of  1 -year-old 
Douglas-firs  together  average  about 
8  inches  in  length,    so  a  maximum 
vertical  "target"  of  4  to   5  inches 
around  ground  level  vv'as   chosen  from 
which  to  obtain  the  increment  core. 
Sufficient  soil  was   removed  at  the 
tree  base  to  allow  turning  the  incre- 
ment borer  in  the  target  area.      The 
tree  pith  was  then  located  by  test 
borings  made  slightly  above  the 
chosen     spot.      Guided  by  this   infor- 
mation,   a  5/16-inch  core,    which 
penetrated  through  the  pith,    was  then 
extracted  at  ground  level. 

Rings   in  the  tree  center  were 
counted  on  thin   sections   cut  from  the 
increment  core  and  stained  with  a 
differential   stain  for   springwood 
(Smith  1955).        When    viewed    by 


reflected  light  at  20  or  48  X  iTiagni- 
fication,    center   rings  were  quite 
distinct.      Outward  from  the  center, 
ring  counting  was   easy. 


Competition 


Because  of  the  strong  relation- 
ship of  root  spread  and  crown  width  to 
d.  b.  h.  ,    a  "constant  times  d.  b.  h.  "   ex- 
pression was   adopted  to  define  a  com- 
petitor.     Three  constants  were  tested: 
where  D  is  the  potential  competitor's 
d.b.h.    in  inches,    competitors  were 
defined  as  trees   closer   (in  feet)  to  the 
subject  tree  than     1.50,    1.75Z),      and 
2.0/?.      For  site  III   lands    where    the 
study  was  made,    these  constants  were 
estimated  to  represent  a  fairly  conser- 
vative   (1.5/?)    to  a  fairly  liberal  defini- 
tion   {2.QD)    of  a  competitor. 


Various  data  for  defined  com- 
petitors were  accuniulated  to  express 
total  competition  received  by  one  tree 
from  surrounding  competitors: 

1  .    Sum  of  the  d.b.h.'s  of  de- 
fined competitors. 

2.  Sum  of  the  basal  areas  of 
defined  competitors.      This 
gave  n^ore  weight  than  (1) 
to  large  competitors   since 
radius  was   squared. 

3.  Sum  of  the   ratios   resulting 
from  dividing  each  competi- 
tor's d.  b.  h.    (in  feet)  by  that 
tree's  distance  fromi  the 
subject  tree.      This  method 
weighted  data  by  both  size 
and  proximity  of  competitors. 

4.  Sum  of  the   squares  of  the 
ratios   in  (3),    which  further 
increased  the  weight  given  to 
large,    or  nearby,    conipetitors , 


Data  Analysis 


Linear  regressions  and  correla- 
tion coefficients  were  calculated  to 
relate  height  and  diameter  of  trees  on 
each  study  area  to  total  age,    to  com- 
petition,   and  to  age  and  competition 
combined.      For  analysis,    data  for 
height,    diameter,    age,    and  competi- 
tion w^ere  first  converted  to  percent 
of  average  for  each  plot  and  then 
combined  for  all  plots  within  a  single 
stand. 


Results 

Age 

Slightly  older  trees  were  gener- 
ally taller  and  larger  in  diameter. 
Correlations  of  height  and  diameter 
to  age  for  trees  at  Voight  Creek  and 


Black  Rock  proved  statistically  signif- 
icant at  the  95-percent  level  or  higher: 

Correlation 
Number  coefficient  (r) 

Stand  of  trees      D.b.  h.  Height 


Voight  Creek         24  0.  53--  0.42- 

Black  Rock  25  .  40-  .  47- 

*Significant  at  the  95-percent 
confidence  level. 

--Significant  at  the  99-percent 
confidence  level. 

Range  in  tree  age  on  plots  at    Adair 
Tract  averaged  only  2.  3  years   (table  1), 
too  small  for  meaningful  analysis. 

For  trees  at  Voight  Creek,    the 
regression  equation  (using  adjusted 
data)   relating  height  to  age  is      i/    = 
100.  0  +   1.  00  (x-lOO.  0).      Thus,    a  48- 
year-old  tree   in  the  45-year-old  stand 
(107  percent  of  average  age)  could  be 
expected  to  show  a  height  superiority 
of  7  percent  or  6  feet  over  the  average 
tree  height  of  87  feet.      The   same  tree 
would  be  23  percent  or   2.  2  inches 
larger  than  the  9. 6-inch  average  d.  b.  h. 
as  predicted  from  the  d.  b.  h. -to-age 
equation,    r/=100.0+3.22(x-100.0). 

Regression  coefficients   relating 
height  and  d.b.h.    to  age  for  trees  at 
Black  Rock  are   1  .  47  and  2.  44,    respec- 
tively.     Thus,    for  a  tree   3  years  older 
than  average  in  this   stand,    one  would 
predict  about   10  percent  more  height 
and   17  percent  greater  d.b.h. 


Competition 


Height  of  the   subject  tree     at 
Voight  Creek  correlated  much  better 
with  total  competition  derived  as  the 


sum  of  competitor  basal  areas    or 
ratios  than  as  the   sum  of  d.  b.  h.  '  s  or 
ratios    squared.      Hence,    in  analyses 
of  Adair  Tract  and  Black  Rock  data, 
only  the  first  two  expressions   of  com- 
petition were  evaluated. 

Competition  affected    diameter 
and  height  of  trees  in  the  Voight  Creek 
and  Adair  stands   (table   Z).      Most  corre- 
lations betw^een  competition  and  d.b.h. 
for  these  two  stands  were  significant 
or  highly   significant.      Some   significant 
correlations  between  competition  and 
height  were  also  found.      No  significant 


association  was  found  between  compe- 
tition and  d.  b.  h.  or  height  of  trees  at 
Black  Rock. 

Regression  coefficients   relating 
d.  b.  h.    or  height  to  competition  were 
substantially  larger  for  trees     at 
Voight  Creek  than  at  Adair  Tract,   and 
in  both  areas  those   relating  d.  b.  h.    to 
competition  were  larger  than  those  for 
height.      When  competitors  are  within 
1.  IbD  oi  the   subject  tree  at  Voight 
Creek,    d.b.h.    relates  to  competition 
(data  expressed  as   sum  of  ratios,   ad- 
justed to  percent  of    plot    means  )  as 


Table   2. — Correlation  ooeffioients    (r)   between  competition  and  observed  height 


or  d.b.h.    in  three  young  Douglas- fir  stands- 


1/ 


Stand 

Competitor 
criterion 

D.b.h.  and 

sum  of 
basal  areas 

D.b.h.  and 
sum  of 
ratios 

Height  and 

sum  of 
basal  areas 

Height  and 
sum  of 
ratios 

Voight  Creek 

l.W 

-0.27 

-0.56** 

-0.36 

-0.36 

1.75/? 

-.42* 

-.53** 

-.58** 

-.57** 

2.0D 

-.41* 

-.41* 

-.44* 

-.42* 

Adair  Tract 

1.5D 

-.32* 

-.43** 

-.20 

-.08 

1.15D 

-.47** 

-.47** 

-.36* 

-.10 

2.0D 

-.28 

-.32* 

-.21 

-.11 

Black  Rock 

1.5D 

-.17 

-.03 

-.02 

-.01 

1.75D 

-.33 

-.07 

-.04 

-.01 

2.0D 

-.10 

-.05 

-.02 

-.01 

*  Significant  at  the  95-percent  confidence  level. 
**  Significant  at  the  99-percent  confidence  level. 

—  Based  on  1  and  22  degrees  of  freedom  for  Voight  Creek  data,  1  and  48  for 
Adair  Tract,  and  1  and  23  for  Black  Rock. 


^=   100.0   -   0.95  (J--100.0),    and  height 
as  ^  -   100.  0  -   0.40  (a--100.  0).     Under 
the   same  competitor  definition,    but 
using  sum  of  basal  areas    because 
these  coefficients  are  larger,    d.  b.  h. 
for  Adair  Tract  trees   relates  to  com- 
petition as   ."=   100.  0  -   0.  27   (x-  100.  0) 
and   height    as     ^   =    100.0  -   0.086 
(x-100.0).      Thus,    a  tree  with  ZO  per- 
cent more  competition  than  average 
would  be  predicted  to  be  about  19  per- 
cent less  than  average  stand  diameter 
at  Voight  Creek  but  only  5.  4  percent 
less  at  Adair  Tract.      Height  of  that 
same  tree  would  be  8  and  1  .  7  percent 
less  than  average   stand  height     at 
Voight  Creek  and  Adair  Tract,    re- 
spectively. 


Age  and 
Competition 


Multiple  regression  analyses 
relating  d.  b.  h.    or  height  to  both  age 
and  comipetition  were  made  only  with 
Voight  Creek  data,    since   either  one 
or  both  independent  variables  were 
not  significant  at  Adair  Tract  and 
Black  Rock.      The  multiple   regression 
coefficient  for  d.  b.  h.    related  to  age 
and  the   reciprocal  of  competition  was 
0.69,    for  height  0.  67.      Both  coeffi- 
cients are  highly  significant   statisti- 
cally. 


Discussion 

Age 

A   small  difference  in  time  of 
establishment  of  the  individual  tree   in 
an  even-aged  stand  is  associated  to  a 
surprisingly  large  degree  with  the 
tree's  future  dominance.      Perhaps 
individuals   established  first  have 
better  opportunity  for  uncontested 


root  extension,    and  root   system 
superiority  has  been  suggested  as 
mandatory  if  a  tree  is  to  achieve  and 
maintain  dominance   (Stevens    1931). 
Physical  damage,    such  as  browsing, 
frost,    or  ice  breakage,    might  be  ex- 
pected to  obscure  the  age-height  re- 
lationship.    However,    Deen(1933) 
reported    that    lateral    branches 
straightened  up  following   removal  of 
2  years'  height  growth  from  selected 
17-year-old  trees   in  a  nearly  stagnated 
stand  of  Norway  (red)  pine  so  that  "At 
the  end  of  2  years  the  loss  in  height 
growth  by  the  topped  trees  was     so 
slight  as  to  be  of  no  practical  signifi- 
cance."    Such  recovery  may  tend  to 
maintain  the  initial  height  advantage 
gained  by  earlier  establishment  in  all 
but  extreme  cases. 


Competition 


The  empirical  nieasures  of 
competition  used  in  this   study  proved 
useful  in  stands  at  Voight  Creek  and 
Adair  Tract  but  failed  at  Black  Rock. 
A   single  value,    expressing  competition, 
can  be  but  a   rough  approximation  of    a 
highly  complex  relationship. 

Judged  by  highest  correlations  , 
the  best  distance  definition  for  com- 
petitors was   I  .75D.     Since  this  defi- 
nition was  bracketed  by  the  other  two 
distance  criteria,    confidence  can  be 
placed  in  its  use  for   stands  of  this  age 
range  and  site  class.      At   1.  5D,    com- 
petition is  apparently  underestimated; 
at  2.0D   it  is  overestimated.      Smith 
(1958)  has   suggested  optimum  spacing 
distances  of  1.  5  by  d.b.h.    on  site   150 
and  1  .  0  by  d.  b.  h.    on  site   200  for 
rapid  growth  of  young  Douglas-fir. 
Data  from  this  study  indicate   these 
recommendations  may  be  conserva- 
tive if  one  wishes  to  elimiinate    all 
competition. 


Spurr  (1962)  has  illustrated  the 
greater  sensitivity  of  using  both  size 
and  distance  of  competitors  in  mea- 
suring the  effect  of  "point- density"  or 
competition  on  diameter  gro-wth  of 
individual  Douglas-firs  in  New  Zealand 
plantations.     In  Adair  Tract  and 
Voight  Creek  data,    similar  gain  can 
be  seen  by  the  higher  correlations  of 
d.b.h.    with  the   sum  of  ratios  than 
■with  the  sum  of  basal  areas.     Height- 
competition  correlations  were  greater, 
however,    when  based  solely  on  basal 
area  of  defined  competitors. 

Several  weaknesses  may  exist 
in  assumptions  underlying  the  method 
of  estimating  competition  used  in  this 
study.     Symmetry  and  independence  of 
root  system  were  assumed,    but  these 
conditions    may   not    always    have 
existed.     In  closed  stands  like  those 
sampled,    root  grafting  may  reduce 
the  independence  of  individual  tree 
growth.      On   steep  slopes,    horizontal 
root  spread  may  be  asymmetrical, 
with  the  elongated  axis  parallel  to  the 
slope.      Lack  of  significant  size-com- 
petition correlations  at  Black  Rock 
might  be  explained  by  such  root  asym- 
metry,   since  that   stand  grev/  on  steep 
ground.     In  a  second  assumption,    a 
deliberate  attempt  was  made  to  develop 
an  estimate  of  competition  independent 
of  subject  tree   size.      But  it  can  be 
argued  that  the  larger  a  tree  is,    the 
niore  it  may  have   suppressed  growth 
of  competitors.      Thus,    there  may 
come  a  time  in  individual  tree  devel- 
opment when  a  big  tree  will  have  less 
competition  than  a  small  tree  because 
of  its  own  size   rather  than  the   size  of 
its  competitors.      The  above  possibili- 
ties illustrate  that  competitor  relations 
may  be  difficult  to  express. 


study,    height  or  diameter  data  plotted 
against  competition  values  give  little 
evidence  for  a  curvilinear  relationship. 
Likewise,    in  the  Wind  River  study,    a 
linear  relationship  is   shown  for  d.  b.  h. 
or  basal  area  of  the  average  tree 
plotted  against  its   spacing  in  square 
feet.     Height  of  the  average  tree  also 
appears  linearly  related  up  to  the  10- 
by  10-foot  spacing  (Reukema  1959). 
Hence,    addition  of  individual  competi- 
tor values  and  analysis  of  study  data 
by  linear  regression  seem  justified. 

The  squared  multiple  correlation 
coefficient  (r    )  for  Voight  Creek  data 
indicates  that  45  percent  of  the  varia- 
tion in  tree  d.  b.  h.    is  associated  with 
age  and  competition.     Since  either  age 
or  competition  alone      is     associated 
with  28  percent,    the  individual  effects 
are  largely  additive.      Data  from  the 
other  two  stands   indicate  that  22  per- 
cent of  the  d.  b.  h.    variation  is  asso- 
ciated with  competition  at  Adair  Tract, 
where  age  influence  was  negligible; 
and  age  correlates  with  16  percent 
of  the  d.  b.  h.  variation  at  Black  Rock 
where  competition,    as   estimated, 
played  a  minor  role.      Most  of  the 
variation  in  d.b.h.    is  due  to  genetic, 
microsite,    and  other  unmeasured  in- 
fluences upon  the  tree.      However, 
variation  accounted  for  by  small  dif- 
ferences   in    age    and    competition 
appears  large  enough   to    merit  con- 
sideration in  selecting  superior 
phenotypes  for  genetic  purposes 
and  in  making  decisions   regarding 
interplanting  and  thinning. 


The   size- competition   relation- 
ship might  also  be   curvilinear  rather 
than  rectilinear  as  assumed.      In  this 
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COMMON  AND  BOTANICAL  NAMES  OF  SPECIES  MENTIONED 

Trees 

Ponderosa  pine 

Pinus  ponderosa  Laws. 

Douglas-fir 

Pseudotsuga  menziesii  (Mirb.)   Franco 

Grasses 

Bearded  bluebunch  wheatgrass 

Agropyron  spicatum  (Pursh)  Scribn.  &  Smith 

Pinegrass 

Calamagrostis  rubescens  Buckl. 

Onespike  danthonia 

(onespike  oatgrass)      Danthonia  unispicata  Munro 

Idaho  fescue 

(bluebunch  fescue)   Festuca  idahoensis  Elmer. 

Sandberg  bluegrass 
Poa  secunda  Presl. 

Grasslike  Plants 

Elk  sedge 

Carex  geyeri  Boott. 
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INTRODUCTION 


Rangelands  in  the  Blue  Mountains  of 
eastern  Oregon  and  Washington  provide  4 
to  5  months  of  grazing  for  about  100,000 
cattle.  They  also  furnish  3  to  4  months  of 
forage  for  nearly  as  many  sheep.  Big-game 
census  and  harvest  figures  indicate  these 
same  ranges  carry  an  estimated  200,000  mule 
deer  and  about  65,000  elk  for  6  to  8  months. 
The  importance  of  this  forage  resource  is 
apparent. 

Although  these  native  ranges  have  been 
grazed  by  livestock  for  over  100  years,  little 
is  known  about  their  seasonal  forage  quality. 
Information  on  range  plant  values  is  needed 
to  aid  managers  in  getting  full  benefit  from 
the  forage  supply  through  improved  systems 
and  seasons  of  grazing.  This  knowledge  will 


also  help  ranchers  in  deciding  when  to  change 
grazing  practices  or  to  market  animals.  To 
the  big-game  manager,  the  level  of  late- 
season  forage  quality  suggests  the  condition 
of  deer  and  elk  for  winter. 

This  paper  combines  unpublished  research 
with  several  reported  studies  in  an  attempt 
to  assess  overall  range  forage  value  in  the 
Blue  Mountains.  Much  of  the  work  has  been 
done  on  the  Starkey  Experimental  Forest 
and  Range.'  It  has  been  a  field  proving 
ground  for  grazing  research  on  forest  and 
related  ranges  for  over  25  years. 


^This  circa,  hereafter  called  the  Starkey  Ran^e,  is  a 
30,000-acre  National  Forest  cattle  allotment,  3U  niilca 
southwest  of  La  Grande,  OrefS.. 


HISTORY  AND 
LITERATURE 


Reports  of  grazing  preference  on  range 
plants  in  the  Blue  Mountains  date  back  to 
the  1880's  when  botanist  Cusick  made  ex- 
tensive field  collections  of  local  species  ( Vasey 
1889).'  The  first  study  of  seasonal  change 
in  forage  quality  as  related  to  grazing 
practices  took  place  in  northeastern  Oregon 
in  1907  when  Sampson  (1914)  investigated 
the  life  histories  of  many  mountain  range 
plants.  Using  this  work  as  a  basis,  he  put 
forth  the  theory  of  deferred-rotation  grazing 
(Sampson  1913).  The  first  comprehensive 
forage  quality  work  was  on  the  Starkey 
Range  in  1941  when  Pickford  and  Reid  (1948) 
found  nutrient  supplies  to  be  generally  ade- 
quate throughout  that  season.  Subsequent 
nutritive  study  indicated  that  during  dry 
summers,  deficiencies  could  exist  (U.S.  For- 
est Service  1960). 

Working  on  nearby  forested  foothills 
range,  Walton"  concluded  from  two  seasons 
of  study  that  during  early  grazing  in  June 
and  July,  nutrient  deficiencies  did  not  occur. 
He  believed,  however,  that  had  his  study 
included  the  last  half  of  the  grazing  season, 
he  would  have  noted  deficiencies. 

Cattle  weight  studies  on  the  Starkey 
Range  have  reflected  wide  forage  quality 
differences  from  year  to  year  as  well  as 
changes  throughout  the  grazing  season  (mid- 
June  to  mid-October).  Yearly  weight  differ- 
ences during  the  normal  dry  period,  August 
through  mid-September,  have  varied  from  a 
daily  gain  of  one-third  of  a  pound  to  a  daily 
loss  of  two-thirds  of  a  pound  (U.S.  Forest 
Service  1960,   1962).  Although  cattle   show 


-Names  and  daiea  in  parentheses  refer  to  Literature 
Cited,  p.  18. 


''Walton,  Richard  Lee.  The  .seasonal  yield  and  nu- 
trient content  of  nativi  forage  species  in  relation  to  their 
synecoloiiy.  72  pp.,  illus.  1962.  (Unind>li.shed  master's 
thesis  on  file  at  Oreu.  State  Univ.,  Corvallis,  Oreg.) 


excellent  gains  while  forage  is  green,  pro- 
longed grazing  of  cured  forage  has  caused 
young  cows  to  lose  up  to  3  pounds  per  day, 
and  their  suckling  calves  also  lose  weight 
(Skovlin  1962). 

Although  no  digestibility  studies  have 
established  actual  value  of  native  species 
in  the  Blue  Mountains,  feeding  trials  have 
been  conducted  in  adjacent  southeastern 
Washington.  Here,  McCall'  observed  that 
the  nutrient  qualities  of  bearded  bluebunch 
wheatgrass  and  Idaho  fescue  were  almost 
stable  after  September  and  that  weathering 
over  winter  did  not  materially  lower  feeding 
value.  However,  he  asserted,  "The  significant 
fact  is  that  after  maturity  the  content  of 
protein,  especially  is  low.  .  .  ." 

Forage  quality  in  range  plants  is  largely 
indexed  by  protein  content.  Quoted  from  the 
National  Research  Council  (1950),  "Less 
than  8  percent  total  crude  protein  in  the 
dry  matter  of  dry  range  forage  ...  is  defi- 
cient for  all  classes  of  cattle."  With  the 
exception  of  phosphorus,  and  sometimes 
calcium,  other  nutrients  are  ordinarily  ade- 
quate on  native  range.  Less  than  about  0.15 
percent  phosphorus  or  calcium  is  also  con- 
sidered a  deficient  ration  (National  Research 
Council  1958). 

Besides  chemical  content,  the  proportion  of 
total  forage  that  a  species  contributes  to  the 
animal  diet  is  also  important.  Seasonal  prefer- 
ence and  use-pattern  studies  on  the  Starkey 
Range    showed    that   cattle   grazed    certain 


'McCall,  Ralph.  Seasonal  variation  in  the  compo- 
sition, feeding  value,  and  digcstibililij  of  certain  species 
of  range  grasses.  48  pp.,  illus.  1932.  (Unpublished 
master's  thesis  on  file  at  Wash.  State  Univ.,  Pullman, 
Wash.) 


'Botanical  names  for  plants  mentioned  are  in  accord- 
ance with  Kelseij  and  Dayton  (1942)  and  are  listed  on 
inside  front  cover. 


species  in  the  grassland  openings  during 
early  summer  and  then  again  in  the  fall; 
during  midsummer  they  preferred  plants  in 
the  forested  areas  (Harris  1954;  Pickford 
and  Reid  1948;  Skovlin").  About  half  of  the 


''Skovliii,  Jon  M.  A  study  of  the  relative  utilization 
of  important  forage  plants  on  summer  cattle  range  in  the 
central  Blue  Mountains.  79  pp.,  illus.  1959.  (Unpub- 
lished master's  thesis  on  file  at  Univ.  of  Idaho,  Moscow, 
Idaho.) 


forage  removed  came  from  the  nonforested 
grasslands. 

Foregoing  studies  on  nutrient  content, 
weight  gain,  and  palatability  have  pointed 
up  quality  gaps  in  the  summer-long  forage 
supply.  Follow-up  studies  on  the  Starkey 
Range  in  1962  and  1963,  together  with  un- 
reported data  in  1958  and  1941,  showed 
which  plants  are  most  nutritious  and  when 
the  different  plant  communities  should  be 
grazed. 


STU  D Y  AR  E A 


The  Starkey  Range  is  situated  in  the 
central  Blue  Mountains.  Topography  is  char- 
acterized by  broad,  undulating  divides  and 
ridges  dissected  by  steep-walled  drainages. 
Relief  varies  between  3,500-  and   5,000-foot 


elevation.    Soils    are    derived    mainly    from 
basalt  of  Tertiary  lavas, 

CLIMATE 

Weather    is    dominated    by    Pacific    air- 


Fifiure  1.    Monthly  precipita- 
tion during  the  years  of  forage 
quality  investigation,  together 
with  the  40-year  average. 
Illustrated  are  the  months  of 
May  through  October. 


masses.  Annual  precipitation  at  the  Range 
headquarters  averages  20  inches,  nearly 
half  of  which  falls  as  snow  between  Novem- 
ber and  March.  About  one-third  of  the  pre- 
cipitation comes  as  rain  during  the  spring 
period  of  rapid  growth  which  ends  late  in 
June.  After  the  dry  summer,  unpredictable 
fall  rains  account  for  the  remaining  pre- 
cipitation. Mean  monthly  temperatures  for 
summit  areas  range  between  60°  Fahrenheit 
in  July  to  20-  in  January.  No  months  are 
considered  frost  free  above  the  4,000-foot 
elevation. 

The  growing  season  averages  120  days, 
beginning  in  mid-May  and  ending  about  mid- 
September.  Weather  during  the  growing  sea- 
sons of  the  4  years  of  this  report  offered  a 
variety  of  conditions.  Average  precipitation 
for  this  period  over  a  40-year  record  was 
4.35  inches  as  compared  with  that  for  sep- 
arate years  of  this  report:' 

1941,     12.51  inches 

4.86  inches 

1.79  inches 

4.04  inches 
The  year  1941  set  an  alltime  high  for  rain- 
fall, whereas  1962  was  second  to  the  driest 
on  record.  Although  1958  and  1963  were  near 
normal,  seasonal  distribution  varied  (fig.  1). 


1958, 
1962, 
1963, 


'The  hcadiitiartcis  weather  .statian  is  at  4,l()0-foot 
elevation  and  about  1  mile  west  of  the  central  study 
area.  The  station  icas  moved  to  its  present  location 
from  the  loan  of  Slari<eij  in  U)4S.  Headijuarters  is  ap- 
proximately 4  miles  west  of  Starkeij;  elevation  and  physi- 
ography are  about  the  same. 


VEGETATION 

Ponderosa  pine,  in  pure  stands  and  inter- 
mixed with  Douglas-fir,  occupies  about  two- 
thirds  of  the  forested  area.  Grassland  open- 
ings, ranging  in  size  from  about  5  to  50 
acres  and  intermingled  with  the  forested 
grasslands,  form  a  mosaic  pattern   (fig.  2). 

This  coniferous  forest  range  type  is  char- 
acterized by  (1)  the  nonforested  Pacific 
bunchgrass  community  intermingled  with 
the  (2)  forested  pine-bunchgrass  and  (3) 
pinegrass-elk  sedge  communities.  The  pre- 
dominant species  of  the  open  grasslands  are 
bearded  bluebunch  wheatgrass,  Sandberg 
bluegrass,  and  onespike  oatgrass.  Under 
favorable  moisture  conditions,  Idaho  fescue 
is  usually  codominant  with  wheatgrass.  In 
the  transitional  pine-bunchgrass  community, 
wheatgrass  and  fescue  are  common,  along 
with  elk  sedge  which  is  often  most  abundant. 
In  aggregate,  these  six  species  represent 
over  half  of  the  forage  removed  and  about 
one-fifth  of  the  total  herbaceous  cover  on 
these  ranges. 

Plant  development  can  fluctuate  widely 
from  year  to  year,  but  the  relative  timing  of 
phenological  events  among  principal  species 
remains  constant  (fig.  3).  For  example,  elk 
sedge  is  always  first  to  develop  whereas  pine- 
grass  is  always  last.  Wheatgrass  and  fescue 
develop  at  about  the  same  rate,  but  fescue 
is  invariably  first.  Although  initiation  of 
spring  growth  varies,  the  date  of  seed  ripen- 
ing remains  about  the  same  from  year  to 
year. 


->^'« 


Figure   2.    Grassland  openings,  intermingled  with  forested  grasslands,  make  up  about 
onefourth  of  the  summer  range  area  yet  provide  nearly  half  of  the  forage. 
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Figure  3.  Normal  plant  development  and  height  growth  of  leaves  and  seedstalks  of  the  four  principal  forage  plants  is 
based  on  4  years'  data.  Average  dates  of  flowering  and  seed  ripening  are  also  shown  for  the  principal  species 
on  these  middle-elevation  ranges. 


PROCEDURE 


The  scope  of  this  report  is  limited  to 
sampled  plants  from  two  soil  types.  Grass- 
land openings  were  predominantly  of  the 
Rock  Creek  very  stony  loam  series,  whereas 
forested  range  was  principally  on  Under- 
wood silt  loam.  Plants  were  periodically  col- 
lected from  the  same  locality  throughout  4 
years  of  study.  Although  comparisons  are 
presented  on  a  calendar  (date)  basis,  they 
can  be  related  to  phenological  stages  which 
are  also  presented. 

A  sample  constituted  fifty  to  several  hun- 
dred plants  of  a  species  for  a  particular  date. 
Individual  plants  were  clipped  to  simulate 
utilization  by  cattle,  as  on  a  nearby  moder- 
ately stocked  range.  Sampling  areas  were 
protected  from  grazing  only  during  the  sea- 
sons of  investigation. 

Crude  protein  was  determined  in  blue- 
bunch  wheatgrass,  Idaho  fescue,  elk  sedge. 


and  pinegrass  throughout  the  summer  and 
fall  each  year.  Other  inorganic  compounds, 
such  as  fat,  fiber,  and  nitrogen-free  extract, 
were  analyzed  during  certain  years.  Deter- 
minations of  phosphorus  and  calcium  were 
made  throughout  two  seasons.  Other  compo- 
nents, such  as  ash,  lignin,  and  carotene,  were 
occasionally  compared.  Standard  methods  of 
analysis  were  used  in  determining  chemical 
content.  Amounts  are  expressed  as  percent- 
ages on  a  dry-matter  basis. 

Secondary  species,  including  onespike 
oatgrass  and  Sandberg  bluegrass,  were  col- 
lected on  the  central  study  area  throughout 
the  1962  and  1963  seasons.  During  1941  and 
1958,  principal  species  were  collected  from 
two  other  study  locations  representing  dif- 
ferent elevations;  also  assessed  was  the  dif- 
ference within  a  species  between  range  types 
at  the  same  elevation. 


RESULTS 


Average  crude  protein  trends  of  the  four 
principal  forage  plants  in  the  Blue  Mountains 
are  shown  as  they  were  determined  through- 
out four  grazing  seasons  (fig.  4). 

Protein  trends  of  elk  sedge  showed  the 
least  average  seasonal  fluctuation  by  declin- 
ing from  8  percent  in  mid-July  to  51/2  percent 
in  mid-October.  Pinegrass,  the  companion 
plant  in  the  forest  type,  displayed  the  great- 
est seasonal  protein  depletion  beginning  with 
an  average  of  81/2  percent  and  falling  to  less 
than  3  percent  over  the  same  period. 

Bluebunch  wheatgrass  and  Idaho  fescue 


of  the  nontimbered  grasslands  contained  less 
protein  than  either  forested  grassland  spe- 
cies until  early  September.  Thereafter,  values 
for  wheatgrass  and  fescue  fluctuated  be- 
tween the  levels  of  elk  sedge  and  pinegrass. 
Wheatgrass  and  fescue  followed  patterns 
that  were  much  alike,  except  wheatgrass 
averaged  about  1  percent  more  protein  than 
fescue  until  late  season.  After  early  October, 
wheatgrass  lost  rapidly  while  fescue  main- 
tained its  protein  level.  Trends  of  both  spe- 
cies showed  a  slight  increase  during  early 
September. 
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Figure  4.  Trends  in  crude  protein  content  of  important  forage  plants  on  Blue  Mountain  summer  range,  based  on  a  4-year  average. 
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Figure  5.   Percentage  of  crude  protein  in  major  forage  plants  at  three  periods  during  four  seasons. 
Early,  mid,  and  late  periods  correspond  to  July  15,  August  30,  and  October  15,  respectively. 


Table  1.   Average,  standard  error,  and  variability  in  seasonal  crude  protein  content  of 
the  four  principal  species  at  three  periods  throughout  the  grazing  season'. 


Species 


Period 


Early 


Average 


Standard 
error 


Variability 


Mid 


Average 


Standard 
error 


Variability 


Late 


Average 


Standard 
error 


Variability 


Percent 


r 


ilk  sedge 

8.0 

*inegrass 

8.5 

iluebunch 

wheatgrass 

8.1 

daho  fescue 

6.7 

0.2 

2.5 

6.9 

±0.1 

1.4 

5.6 

.7 

8.2 

5.6 

±   .5 

8.9 

2.8 

.3 

3.7 

5.5 

±    .7 

12.7 

4.5 

.2 

3.0 

5.0 

±   .4 

8.0 

4.6 

0.7 

12.5 

.4 

14.4 

1.0 

23.1 

.6 

13.0 

^ 


Early,  mid,  and  late  periods  correspond  to  Jidy  15,  August  SO,  and  October  15,  respectively.  Average  represents  4  years  of  data. 


Year-by-year  fluctuations  of  protein  con- 
tent illustrate  the  irregularity  in  seasonal 
decline  for  each  species  (fig.  5).  Elk  sedge 
showed  the  least  yearly  variability  in  protein 
content,  whereas  pinegrass  showed  compara- 
tively large  year-to-year  differences. 
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Bluebunch  wheatgrass  displayed  the 
greatest  overall  yearly  variation,  with 
amounts  during  1941  contributing  greatly; 
protein  differences  for  the  3  other  years  were 
relatively  small.  Fescue,  though  not  espe- 
cially variable,  had  higher  protein  content  in 
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Figure  6.  Percentage  of  phosphorus  in  principal  forage  plants  at  three  periods  during  2  years.  Early, 
mid,  and  late  periods  correspond  to  July  15,  August  30,  and  October  15,  respectively. 


mid-October  than  mid-August  in  two  out  of 
the  four  years. 

Yearly  deviations  in  crude  protein  con- 
tent were  large  (table  1).  Variability  was 
small  during  the  early  period  but  increased 
as  the  season  progressed.  The  exception  was 
elk  sedge,  which  was  less  variable  at  mid- 
season  than  either  early  or  late  season.  De- 
pending on  species,  protein  variability  dur- 
ing late  season  ranged  from  two  to  six  times 
greater  than  during  early  season. 

In  general,  protein  content  of  all  plants 
was  highest  in  1941  and  lowest  in  1962  with 
intermediate  values  in  1958  and  1963. 
Throughout  the  mid  and  late  period  of  1941, 
species  contained  about  25  percent  more  pro- 
tein than  in  1962. 

Phosphorus  content  was  determined  in 
principal  species  for  a  2-year  comparison 
(fig.    6).    Relative    to   protein,    phosphorus 


levels  were  generally  retained  further  into 
midseason  but  fell  off  more  sharply  there- 
after. As  was  the  case  with  protein,  the  for- 
age displayed  greater  variability  in  phos- 
phorus content  during  late  season  than  early 
season. 

Herbage  in  1958  contained  about  twice 
as  much  phosphorus  as  it  did  in  1962.  More- 
over, in  all  12  seasonal  comparisons,  phos- 
phorus content  was  higher  in  1958  than  in 
1962. 

The  calcium  content  of  several  principal 
plants  was  determined  during  1941  and  1962. 
Calcium  levels  fluctuated  irregularly  iii  1941, 
but  in  1962  they  declined  generally.  Quanti- 
ties ranged  between  0.57  and  0.18  percent  for 
these  years. 

The  ratio  of  calcium  to  phosphorus  varied 
from  a  low  of  1.5  to  1  to  a  late -season  high 
of  6  to  1. 


DISCUSSION 


The  general  decline  of  crude  protein  and 
phosphorus  in  forage  plants  of  the  Blue 
Mountains  agrees  with  results  reported  by 
workers'  in  other  mountain  summer  ranges. 
Comparable  findings  were  reported  by  Stan- 
ley and  Hodgson  (1938)  who  summarized: 

A  comprehensive  review  of  literature  re- 
porting on  the  chemical  analysis  of  herba- 
ceous plants  shows  very  definitely  that 
crude  protein,  phosphorous  and  moisture 
contents  were  highest  during  the  early 
growth  stages  and  that  they  decreased  to 
a  minimum  as  tlie  plants  became  mature 
and  dry. 


-Bcuth   ami  llamillm,    (1D52);  Johnson   (1953);   Mc- 
Lean and  Tisdale  (1060);  Stoddart   and  Greaves  (1942). 


YEARLY  VARIATION  IN  FORAGE  QUALITY 

Year-to-year  variation  in  the  nutrient 
content  of  range  plants  in  other  areas  has 
been  variously  explained  by:  (1)  diff"erence3 
in  rate  of  plant  development  or  reproductive 
stage  (Cook  and  Harris  1950;  Watkins 
1940)  ;  (2)  time  lapsed  since  initiation  of 
growth  (Blaisdell  et  al.  1952)  ;  (3)  diff'erences 
in  proportion  of  stems  to  leaves  (Clarke  and 
Tisdale  1945;  Heinrichs  and  Carson  1956); 
(4)  differences  in  the  relative  composition  of 
other  constituents  and  their  fluctuations  by 
separate  plant  parts  (Fagan  and  Milton 
1931;  Green  1934;  Pigden  1953);  and  (5) 
differences  in  rate  of  leaching  or  oxidation 
(Guilbert  et  al.  1931 ;  Hart  et  al.  1932). 


Figure   7.    Inclusive  dates  from  blooming  to  seed  ripening  of  main  forage  plants  during  four 
growing  seasons  at  middle  elevation  in  the  Blue  Mountains  together  with  averages. 
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Plant  development  records  (fig.  7)  and 
related  climatic  data  (table  2)  show  that 
yearly  variation  in  crude  protein  content  of 
plants  in  this  study  were  not  closely  associ- 
ated with  date  of  reproductive  maturity.  Nor 
was  content  greatly  influenced  by  time 
lapsed  since  beginning  of  growth,  assuming 
that  initial  growth  is  largely  determined  by 
date  of  snow  disappearance.  In  other  words, 
these  data  do  not  establish  that  delayed  ma- 
turity prolonged  the  retention  of  protein  nor 
that  early  growth  initiation  hastened  pro- 
tein depletion. 

However,  phasic  plant  development  was 
related  to  the  accepted  rule  that  high  pre- 
cipitation or  low  temperatures  retard  de- 
velopment and  low  precipitation  and  high 
temperatures  hasten  development  (Blaisdell 
1958;  Costello  and  Price  1939). 

Leaves  of  forage  plants  contain  more 
crude  protein  than  seedstalks  do,  and  a 
change  in  proportion  between  years  can  in- 
fluence overall  herbage  protein  content.  The 
stem-leaf  ratio  was  not  calculated  here  but 
probably  contributed  little  to  the  overall 
variation  in  yearly  protein  fluctuations.  This 
was  because  most  of  the  sampled  species 
were  weak  seedstalk  producers;  pinegrass, 
for  example,  never  produced  seedstalks  on 
the  immediate  study  area.  In  Idaho  fescue, 
the  only  plant  with  significant  stem  produc- 
tion, simulated  grazing  avoided  stems  gen- 
erally. 

Differential  leaching  has  been  shown  to 
account  for  year-to-year  changes  of  mineral 
constituents  and  even  some  organic  nutri- 
ents. However,  other  studies  have  failed  to 
show  any  real  changes  in  residual  protein 
caused  by  leaching  (Guilbert  et  al.  1931; 
McCafl  1933;  McCreary  1931). 

The  general  loss  of  herbage  protein  after 
maturity  has  best  been  explained  by  the 
transfer  of  nitrogen  to  the  roots  and  stem 
bases  (Murneek  1932).  Similarly,  cyclic  loss- 
es and  gains  in  protein  content  of  herbage 
in  bluebunch  wheatgrass  have  been  shown 
to  accompany  opposite  trends  of  protein  lev- 
els in  roots  (Mcllvanie  1942).  What  is  not 
known  is  how  weather  influences  this  rate 
of  protein  change. 


Table  2.  Growing-season  characteristics  at  midelevation 
in  the  Blue  Mountains  during  4  years  of  investigation. 


Year 

Month 

1941 

1958 

1962 

1963 

Precip 

itation 

(percent  of  40 

year  average) 

April 

77 

51 

74 

137 

May 

218 

51 

131 

78 

June 

322 

112 

30 

64 

July 

388 

350 

5 

109 

August 

232 

27 

73 

137 

September 

253 

93 

112 

171 

October 

138 

1 

120 

46 

Temperature    deviation 
(degrees    F.   from    average) 


April 

-0.6 

-2.4 

+2.4 

+3.3 

May 

+2.5 

+6.5 

-5.6 

+  1.9 

June 

+2.0 

+3.6 

-    .4 

0 

July 

+2.3 

+3.7 

-    .6 

-4.8 

August 

+   -7 

+5.1 

-3.0 

+  1.3 

September 

-3.1 

-1.2 

+  1.5 

+6.4 

October 

-   .6 

+5.2 

0 

+  1.8 

Snowmelt 

(remaining 

depth   in 

inches) 

April 

0 

17 

19 

0 

May 

0 

2 

0 

0 

June 

0 

0 

0 

0 

In  this  mountainous  region  of  shallow 
soils,  effective  precipitation  appeared  to  be 
the  main  factor  determining  crude  protein 
content  of  herbage.  High  precipitation  was 
accompanied  by  excellent  protein  retention 
in  1941.  On  the  other  hand,  severe  drought 
conditions  of  1962  were  associated  with  ex- 
tremely low  protein  levels.  The  summers  of 
1958  and  1963  were  near  normal  in  both 
l)recipitation  and  herbage  protein  content. 
Logically,  if  soil-moisture  deficit  influences 
summer  plant  dormancy,  then  greater  precip- 
itation, enabling  continued  metabolism  and 
photosynthesis,  would  require  nitrogen 
maintenance. 
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SEASONAL  VARIATION 
IN  FORAGE  QUALITY 

An  inspection  of  the  two  more  normal 
seasons  shows  considerable  difference  in 
their  rainfall  distribution  (fig.  8).  In  1963, 
the  ordinary  pattern  was  a  gradual  decrease 
in  precipitation  into  midsummer  followed  by 
a  gradual  increase.  However,  in  1958,  precip- 
itation   increased    through    July,    and    the 


onset  of  drought  came  abruptly  in  August; 
fall  moisture  was  below  normal. 

Crude  protein  depletion  throughout  1963 
was  gradual,  and  by  fall,  wheatgrass  and 
fescue  even  increased  their  content  slightly 
(fig.  9).  However,  in  1958,  midsummer  pro- 
tein trends  reflected  the  abrupt  drought  as 
well  as  the  below  average  fall  rains.  In  all 
species,  fall  protein  levels  in  1958  were  be- 
low those  of  1963. 


PRECIPITATION 
3 


TEMPERATURE 
DEVIATION 


PRECIPITATION 
3 


u 


May        June        July        Aug        Sept        Oct 


1958 


May       June       July        Aug        Sept       Oct 
1963 


Figure  8.  A  comparison  of  precipitation  and  temperature  deviation  during  the  2  years  of  near-normal  forage  conditions. 
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Figure  9.    Crude  protein  trends  of  important  forage  plants  during  the  two  near-normal  growing  seasons. 
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LATE-SEASON  FORAGE  QUALITY 

Fall  crude  protein  levels  were  most  close- 
ly related  to  decreasing  amounts  of  rainfall 
during  all  4  years  of  study.  With  one  ex- 
ception, all  four  species  were  highest  in 
1941,  next  highest  in  1963,  next  to  the  low- 
est in  1958,  and  lowest  in  1962;  this  order 
of  protein  content  corresponded  directly 
with  amounts  of  effective  fall  precipitation. 
The  exception  was  pinegrass  which  con- 
tained slightly  more  protein  in  1963  than  in 
1941. 

All  bunch-forming  grasses  in  the  grass- 
land openings  produced  regrowth  after  the 
first  substantial  rains  in  the  fall.  The  shal- 
low-rooted onespike  oatgrass  and  Sandberg 
bluegrass  were  especially  responsive. 

During  summer,  soil  moisture  is  being 
depleted  as  the  plants  mature.  By  fall,  the 
amount  of  moisture  entering  the  parched 
soil  determines  the  extent  of  regrowth  in 
the  standing  crop  and,  consequently,  the 
quality  of  late-season  forage.  However,  rains 
must  come  early  enough  so  that  tempera- 
tures will  still  be  warm  enough  to  promote 
a  vigorous  regrowth.  By  late  October,  tem- 
peratures may  not  get  high  enough  to  pro- 
mote good  regrowth  conditions. 

In  1941  and  1963,  most  open  grassland 
species  produced  enough  regrowth  to  in- 
crease fall  protein  levels  above  midsummer 
lows.  However,  in  1958  fall  rains  were  not 
sufficient  to  promote  adequate  regrowth, 
and  in  1962  rains  were  too  late  to  measurably 
improve  the  forage  supply. 

In  the  forest  communities,  tree  overstory 
tends  to  modify  climate  near  the  ground, 
producing  different  moisture  conditions. 
Here,  neither  elk  sedge  nor  pinegrass  pro- 
duced regrowth  during  the  years  of  study. 
However,  fall  rains  did  serve  to  arrest  their 
rate  of  protein  depletion  in  proportion  to 
the  amounts  received. 

PLANT  VALUES 

Illustrated  results  show  that  each  species 
displayed  independent  and  somewhat  differ- 
ent  overall   seasonal    nutrient   trends.    This 


information  plus  results  from  similar  work 
will  be  compared  with  minimum  daily  re- 
quirements to  arrive  at  generalized  forage 
quality  characteristics. 

Elk  sedge.  —  From  the  standpoint  of 
sustained  nutrient  supply,  elk  sedge  out- 
ranked all  other  plants  investigated.  Sedge 
maintained  an  adequate  level  of  crude  pro- 
tein nearly  a  month  longer  than  other  spe- 
cies. Yearly  comparison  of  protein  trends 
showed  elk  sedge  to  be  the  species  least 
affected  by  growing- season  variation.  It  also 
showed  less  within-season  fluctuation  com- 
pared with  other  species.  When  sampled, 
calcium  and  phosphorus  content  in  elk  sedge 
rated  fair  to  good. 

Sampson  (1917)  reported  elk  sedge  to  be 
very  drought  resistant,  and  others  (Driscoll 
1957;  U.  S.  Forest  Service  1937)  have  indi- 
cated it  withstands  grazing  well.  Since  herb- 
age remains  semievergreen  for  several  years, 
elk  sedge  is  relished  by  all  classes  of  live- 
stock and  big  game,  especially  after  mid- 
summer when  other  forage  has  cured. 

The  excellent  grazing  qualities  of  elk 
sedge  can  be  attributed  to  its  unique  growth 
habits.  Vegetative  shoots,  produced  from 
semiwoody  rootstalks  during  the  first  year's 
growing  season,  do  not  emerge  as  herbage 
until  the  following  year  and  remain  green 
for  2  or  more  years.  Thus,  vernal  develop- 
ment is  not  supported  entirely  by  stored 
food  reserves,  and  this  permits  early  devel- 
opment seemingly  independent  of  prevailing 
spring  weather. 

Pinegrass.  —  In  contrast  to  elk  sedge, 
pinegrass  generally  contained  a  rich  supply 
of  nutrients  during  early  season  but  was 
practically  worthless  as  forage  late  in  the 
season.  After  midseason,  crude  protein  in 
pinegrass  declined  sharply,  and  by  season 
end,  it  was  consistently  lower  than  in  all 
other  species.  Pinegrass  showed  large  year- 
to-year  variation  as  well  as  the  largest 
within-season  decline.  Phosphorus  values 
were  rather  poor  during  one  year  but  good 
in  the  other.  Morphology  and  growth  char- 
acteristics suggest  this  plant  might  be  sub- 
ject to  leaching  or  oxidation  which  may  ac- 
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count  for  extreme  late-season  losses  of 
quality.  General  fall  regrowth  of  pinegrass 
has  not  been  observed  on  summer  range  in 
the  Blue  Mountains. 

Nutrient  trends  in  pinegrass  were  com- 
parable to  those  reported  by  McLean  and 
Tisdale  (1960)  from  interior  British  Colum- 
bia summer  range.  They  found  crude  protein 
content  to  average  8.3  percent  in  mid-July 
and  2.7  percent  in  early  October,  and  phos- 
phorus for  these  periods  was  0.25  to  0.12  per- 
cent, respectively.  From  studies  in  the  Rocky 
Mountains  of  Alberta,  Clarke  and  Tisdale 
(1945)  showed  that  by  mid-August  pine- 
grass content  averaged  5.5  percent  protein 
and  0.16  percent  phosphorus,  which  is  some- 
what lower  than  the  average  for  the  same 
period  reported  here.  Apparently,  pinegrass 
is  poor-quality,  late-season  forage  through- 
out much  of  its  distribution. 

The  grazing  value  of  pinegrass  has  been 
described  in  a  comprehensive  report  (U.  S. 
Forest  Service  1937)  which  stated,  "Much 
diversity  of  opinion  exists  regarding  the 
forage  value  of  pinegrass  due,  no  doubt  in 
large  part,  to  its  varying  palatability  at  dif- 
ferent times  of  the  year."  Though  it  is  rated 
fair  to  good  in  the  Blue  Mountains,  palata- 
bility here  declines  rapidly  with  the  season's 
advance.  Although  pinegrass  grows  in  a 
spreading  mat,  shallow  rootstalks  of  new 
plants  are  easily  pulled  up  during  early- 
season  grazing. 

Bearded  bluebunch  wheatgrass.  —  Dur- 
ing the  grouped  years,  wheatgrass  contained 
very  high,  early-season,  crude  protein  con- 
tent ;  but,  from  blooming  until  seed  was  ripe, 
it  had  the  most  rapid  decline  of  any  species. 
As  midseason  forage,  wheatgrass  rated 
moderately  good  in  quality,  except  in  1941 
when  it  was  excellent.  After  early  October, 
however,  protein  in  wheatgrass  showed  a 
marked  general  depression.  Wheatgrass  had 
low  phosphorus  content  throughout  all  sea- 
sons and  especially  from  maturity  onward. 
Low  amounts  of  phosphorus  with  relatively 
high  calcium  quantities  accounted  for  a  wide 
calcium-phosphorus  ratio  in  wheatgrass 
from  midseason  on. 


Many  reports"  contain  seasonal  nutrient 
trends  of  bluebunch  wheatgrass,  and  some 
even  show  the  seasonal  trends  as  affected 
by  clipping  (Mcllvanie  1942;  Stoddart  1946). 
The  preponderance  of  literature  on  nutrient 
quality  of  wheatgrass  agrees  closely  with 
this  report  of  the  overall  seasonal  values  for 
crude  protein,  calcium,  and  phosphorus. 

Bluebunch  wheatgrass  is  readily  grazed 
by  all  classes  of  livestock  throughout  the 
year.  Due  to  high  palatability  and  general 
abundance,  it  is  recognized  as  the  most 
important  native  grass  throughout  the  in- 
land Pacific  Northwest.  Although  wheat- 
grass  of  the  Blue  Mountains  is  no  exception, 
in  the  coniferous  forest  range  type  elk  sedge 
merits  at  least  equal  rank. 

Idaho  fescue.  —  Although  fescue  contain- 
ed low  amounts  of  protein  throughout  the 
first  half  of  the  season,  it  tended  to  stabilize 
or  even  increase  its  content  during  late  sea- 
son. Thus,  fescue  generally  ended  the  sea- 
son with  relatively  high  quantities.  Fescue 
was  consistently  high  in  phosphorus  and 
contained  ample  supplies  of  calcium  through- 
out the  periods  studied. 

In  the  Laramie  Mountains  of  Wyoming, 
Beath  and  Hamilton  (1952)  learned  that 
fescue  contained  lower  early-season  quan- 
tities of  protein  than  bluebunch  wheatgrass 
but  higher  late-season  amounts.  The  rela- 
tionship was  found  to  be  true  in  this  study 
and  especially  so  on  a  year-by-year  com- 
parison. 

In  a  4-year  study  of  Idaho  fescue  in 
southeastern  Washington,  McCall  (1939)  re- 
ported little  fluctuation  in  the  protein  con- 
tent of  fescue  from  late  summer  until  the 
following  spring.  In  an  earlier  report  (1933), 
he  found  the  total  digestible  nutrients  to  be 
generally  higher  in  mature  fescue  than  in 
mature  wheatgrass.  Workers  in  other  areas 
(Clarke  and  Tisdale  1945;  Robertson  and 
Torell  1958)  also  found  fescue  contained 
high  nutrient  value  compared  with  other 
species  with  which  it  was  associated. 


Bcadt  and  Ilaiiiiltoii  (1052);  Bhiisdcll  ct  ul.  [1952); 
McC(dl  (7.93.3).-  liohcrlsoii  and  Torell  (1958). 
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The  palatability  of  fescue  is  generally 
high  for  all  classes  of  stock,  an  exception 
being  in  mountainous  areas  in  central  Ore- 
gon and  isolated  localities  of  the  southern 
Blue  Mountains  (Reid  1942).  Generally,  fes- 
cue is  preferred  over  wheatgrass  when  the 
two  are  presented  in  near  equal  amounts, 
particularly  during  late-season  grazing 
(Skovlin  1961).  The  choice  of  fescue  over 
wheatgrass  has  also  been  demonstrated  in 
feeding  trials  of  these  grasses  in  the  cured 
state  (McCall  1933). 

Associated  species.  —  In  the  Blue  Moun- 
tains, Sandberg  bluegrass  and  onespike 
oatgrass  are  secondary  forage  plants  found 
in  grassland  openings.  They  are  important 
because  either  may  predominate  on  some 
sites,  and  both  are  present  on  most  sites. 

Sandberg  bluegrass  contained  the  lowest 
early-season  protein  content  of  all  species; 
its  phosphorus  quantities  were  also  generally 
lowest.  Protein  during  July  and  August  aver- 
aged about  4  percent,  and  phosphorus  was 
about  0.15  percent.  In  favorable  years,  how- 
ever, protein  in  bluegrass  responded  to  fall 
rains  almost  immediately  —  nearly  2  weeks 
before  increases  appeared  in  wheatgrass  or 
fescue.  Phosphorus,  on  the  other  hand,  show- 
ed no  significant  fall  response. 

Comparing  the  value  of  Sandberg  blue- 
grass  with  its  associated  species,  Beath  and 
Hamilton  (1952)  showed  bluebunch  wheat- 
grass  and  Idaho  fescue  had  nearly  twice 
the  protein  content  of  bluegrass  throughout 
the  season.  However,  the  phosphorus  content 
in  bluegrass  was  only  slightly  below  that 
of  wheatgrass  or  fescue.  Robertson  and  Tor- 
ell  (1958)  reported  generally  higher  nutri- 
ent values  for  Sandberg  bluegrass  on  high- 
elevation,  sage-grass  ranges  in  Nevada  than 
were   found   here.    Other  studies'"   have  re- 


"■  Beetle  (I960);   Bhmdcll  ct  al.   (1952);   Clarke  and 
Tisdale  (1945);   McLean  and  Tmlalc  (1960). 


ported  Sandberg  bluegrass  to  be  fair  in  nu- 
trient quality  at  maturity  but  then  to  fail 
rapidly  compared  with  the  principal  grasses 
it  is  associated  with. 

Because  of  early  development,  Sandberg 
bluegrass  is  one  of  the  first  plants  ready 
for  spring  grazing  and  usually  furnishes 
some  forage,  depending  on  the  abundance 
and  development  of  other  species.  Though 
it  becomes  dormant  after  mid-July,  in  the 
Blue  Mountains  it  is  the  first  perennial  grass 
to  green  up  in  response  to  fall  rains.  With 
abundant  fall  moisture,  it  regenerates  high- 
level  nutrient  content,  and  under  these  con- 
ditions bluegrass  is  grazed  avidly. 

The  nutrient  qualities  of  onespike  oat- 
grass compared  closest  with  those  of  blue- 
bunch  wheatgrass.  Contrasted  with  Sand- 
berg bluegrass,  oatgrass  was  far  superior. 
During  July  and  August,  oatgrass  averaged 
about  2  percent  more  protein  and  0.05  per- 
cent more  phosphorus  than  Sandberg  blue- 
grass.  Like  bluegrass,  oatgrass  responds 
rapidly  to  favorable  fall  rains. 

Since  oatgrass  occupies  sites  not  suitable 
to  wheatgrass  and  has  better  nutrient  quali- 
ties than  Sandberg  bluegrass,  it  is  the  most 
valuable  forage  on  harsh  scablands.  Though 
well  adapted  to  heavy  shallow  soils,  oatgrass 
is  plagued  by  other  adversities  of  this  en- 
vironment. Its  swollen  and  succulent  stem 
bases  are  attractive  to  rodents,  mainly  pocket 
gophers.  Because  soil  on  these  poorly  drained 
sites  becomes  quickly  saturated,  oatgrass 
is  frequently  damaged  by  frost  heaving,  es- 
pecially during  late  fall.  It  is  also  winter- 
killed on  exposed  sites  in  severe  weather. 

Since  onespike  oatgrass  and  Sandberg 
bluegrass  are  subject  to  wide  fluctuations 
in  forage  production  and  nutrient  quality, 
they  are  not  dependable  summer  forage. 
However,  they  may  contribute  the  only  ade- 
quate fall  grazing  in  some  years. 
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SUMMARY 


Trends  in  nutrient  content  of  principal 
forage  plants  on  the  Blue  Mountains  sum- 
mer range  were  investigated  during  four 
growing  seasons.  Weather  patterns  here 
produce  a  forage  supply  which  is  character- 
ized by  an  adequate  green  season,  an  in- 
adequate dry  season  of  a  month  or  more, 
and  a  late  season  which  may  or  may  not  be 
adequate. 

Forage  quality  decline  was  similar  to  that 
reported  for  the  same  species  in  other  moun- 
tainous regions.  There  were  no  striking 
deficiencies  except  for  generally  low  protein 
content  during  late  summer  and  fall.  In  one 
of  the  4  years  investigated,  continued  drought 
produced  low-quality  forage  that  was  entire- 
ly inadequate  throughout  the  entire  last 
half  of  the  grazing  season. 

Year-to-year  variation  in  forage  quality 
was  interpreted  in  light  of  plant  develop- 
ment, dates  of  phenological  events,  curing 
conditions,  and  secondary  fall  growth  as  in- 
fluenced by  precipitation,  temperature,  and 
time  of  regrowth.  Except  for  amount  of 
rainfall  after  blooming  time,  no  single  factor 
was  consistently  related  to  crude  protein  con- 


tent during  these  years.  Some  species,  like 
elk  sedge,  showed  little  yearly  or  within- 
season  variation,  but  others,  such  as  pine- 
grass,  varied  greatly. 

Seasonal  variability  in  nutrient  content 
was  found  to  be  much  greater  during  late 
season  than  during  early  season.  Also,  plants 
common  to  open  grasslands  produced  re- 
growth  in  response  to  effective  fall  rains, 
whereas  those  of  the  forested  types  did  not. 
It  was  significant,  however,  that  elk  sedge 
in  the  forest  maintained  good  quality 
throughout,  from  early  to  late  season. 

Plant  values,  as  determined  by  chemical 
content,  seasonal  preference,  and  relative 
abundance,  were  compared  and  discussed. 
Some  species  were  better  forage  than  others 
at  certain  times ;  however,  each  plant  con- 
tributed to  overall  nutrient  balance  by  virtue 
of  complementary  seasonal  value.  Generally, 
species  low  in  nutrient  quality  during  early 
grazing  season  contained  high  late-season 
levels,  and  those  high  during  early  season 
had  low  late-season  levels.  Animal  preference 
usually  followed  these  shifts  in  seasonal 
quality. 
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Introduction 

High-vigor  seedlings  are  required  for  consistently  successful  reforestation,  and 
mineral  nutrition  undoubtedly  plays  a  large  role  in  determining  seedling  vigor.  Though 
no  serious  mineral  deficiencies  were  known  to  exist  in  Northwest  forest  nurseries, 
assurance  of  adequate  seedling  nutrition  would  eliminate  this  factor  as  a  possible 
cause  of  plantation  failures.  Perspective  was  gained  on  Douglas-fir  nutrition  by  de- 
termining essential  element  content  in  foliage  of  seedlings  growing  in  10  selected  forest 
areas  and  4  nurseries  in  Oregon  and  Washington.  On  the  basis  of  comparative  ele- 
ment levels,  possible  improvements  in  nursery  fertilization  are  predicted. 

Neither  soil  analysis  nor  tissue  analysis  will  yield  all-inclusive  answers  on  min- 
eral nutrition  of  seedlings.  In  many  instances,  tissue  analysis  may  be  more  in- 
formative than  soil  analysis,  since  questions  of  nutrient  availability  are  minimized. 
Tissue  analysis  has  played  an  important  role  in  agriculture  in  revealing  mineral 
nutrition  problems  where  none  were  suspected.  Although  there  are  both  funda- 
mental and  practical  unknowns  in  applying  foliar  analysis  techniques  to  coni- 
fers, resulting  data  can  provide  some  basis  for  assigning  test  priorities  in  fertihzer 
trials. 


Methods 

Collection 

Fast-growing  seedlings  2  to  5  years  old  were  sampled  in  recently  clearcut  areas 
at  10  locations  in  western  Oregon  and  Washington: 

Sample  name  Location 

Brummet  Creek  East  of  Coquille,  Oreg. 

Cherry  Creek  East  of  Coquille,  Oreg. 

Marys  Peak  West  of  Corvallis,  Oreg. 

Kautz  Creek  Southeast  of  Hebo,  Oreg. 

Clatsop  Northeast  of  Seaside,  Oreg. 

Seaside  East  of  Seaside,  Oreg. 

Cathlamet  West  of  Skamokawa,  Wash. 

Ames  Creek  South  of  Randle,  Wash. 

Quartz  Creek  South  of  Randle,  Wash. 

Montesano  Southeast  of  Montesano,  Wash. 

Eight  of  the  areas  are  in  the  Coast  Ranges  on  soils  of  marine  sedimentary  origin 
and  two,  Ames  Creek  and  Quartz  Creek,  are  located  on  pumice  soils  in  the  Washing- 
ton part  of  the  Cascade  Range  (Forest  Soils  Committee  1957).'  All  areas  were 
judged  by  local  foresters  to  be  of  high  site  II  or  better  quality  (trees  170  or  more  feet 
tall  at  age  100  years). 

Seedlings  on  seven  of  the  areas  originated  from  seed  that  fell  from  adjacent  un- 
logged  stands.  Three  areas  —  Clatsop,  Seaside,  and  Montesano  —  had  been  arti- 
ficially seeded  with  seed  collected  nearby;  presumably,  resulting  seedlings  were  also 
well  adapted  to  the  particular  site. 

Samples  of  current-year  foliage  were  collected  in  October  and  November  1964, 
prior  to  heavy  winter  rainfall.    One  lateral   branch  per  seedling  was  cHpped  from 


'Names  and  dates  in  parentheses  refer  to  Literature  Cited,  p.  11. 


the  top  whorl  on  85  or  more  seedlings  in  each  area,  depending  on  seedling  age 
and  number  available.  Seedhngs  growing  on  severely  burned  spots  or  areas  of  major 
soil  disturbance  were  not  sampled. 

Collections  were  also  made  in  tour  Pacific  Northwest  forest  nurseries: 

Forest  nursery  Location 

Dwight  L.  Phipps  Elkton,  Oreg. 

Industrial  Forestry  Association  Canby,  Oreg. 

L.  T.  "Mike"  Webster  Tumwater,  Wash. 

Wind  River  Carson,  Wash. 

A  seedling  of  average  size  and  color  was  clipped  at  regular  intervals  from  the  center 
row  in  several  hundred  feet  of  beds  considered  by  the  nurseryman  to  be  located 
in  a  representative  part  of  the  nursery.  One  composite  sample  of  seedlings  was  taken 
at  the  Industrial  Forestry,  Phipps,  and  Webster  nurseries  and  five  at  the  Wind  River 
nursery.  Three  of  the  latter  were  taken  from  beds  in  the  oldest  section  of  the 
nursery,  which  has  been  in  continuous  production  for  more  than  50  years.  The 
other  two  samples  were  taken  from  the  Trout  Creek  division  where  production  began 
only  recently. 

Foliage  from  a  topmost  lateral  branch  of  the  sample  seedlings  was  used,  except 
from  2-year-old  seedlings  collected  in  the  Industrial  Forestry.  Webster,  and  Wind 
River  nurseries.  On  these,  needles  from  the  terminal  leader  were  used  since  seedling 
density  in   the  beds  had  prevented   formation  of  vigorous  lateral  branches. 

Processing 

Promptly  after  clipping,  samples  were  placed  in  polyethylene  bags  in  an  in- 
sulated, iced  cooler  for  transport  to  the  laboratory.  When  samples  could  not  be 
processed  the  same  day  as  collected,  they  were  kept  at  7"  C.  In  every  case,  pro- 
cessing and   drying  began  within  24   hours  of  collection. 


After  being  rinsed  momentarily  in  distilled  water  to  remove  any  surface 
dust,  needles  were  stripped  from  the  branches  or  leaders,  placed  in  plastic  -  lined 
paper  or  glass  containers,  and  ovendried  at  60  C.  Length  and  weight  were  determined 
on  a  subsample  of  dried  needles  to  provide  a  comparison  of  seedling  vigor. 
Dried  needles  were  ground  to  powder  with  a  glass  mortar  and  pestle  and  stored  in 
sealed  glass  containers  at  — 16     C.  until  redried  at  65  ^   C.  just  before  analysis. 

Chemical  Analysis 

Separate  subsamples  for  determining  ash  content  and  for  copper,  molybdenum, 
and  phosphorus  analysis  were  dry-ashed  at  550''  C.  in  a  stainless-steel-lined  muffle 
furnace.  Subsamples  for  boron  and  chlorine  analysis  were  also  dry-ashed,  but  in  mix- 
ture with  calcium  oxide  (Chapman  and  Pratt  1961).  Samples  for  other  essential  ele- 
ments were  wet-ashed  with  nitric  and  perchloric  acids  (Johnson  and  Ulrich  1959), 
except  the  nitrogen  samples  which  were  wet-ashed  with  sulfuric  acid  containing  sali- 
cylic acid  (Association  of  Official  Agricultural  Chemists  1960). 

Nitrogen  analysis  to  include  nitrates  was  made  by  the  micro-Kjeldahl  method 
(Association  of  Official  Agricultural  Chemists  1960).  Sulfur  was  determined  by  a 
turbidimetric  method,  modified  from  Butters  and  Chenery  (1959),  using  a  Klett 
colorimeter  and  green  filter.  Several  elements  were  analyzed  by  methods  summar- 
ized and  described  by  Chapman  and  Pratt  (1961):  colorimetric  measurement 
with  a  Beckman  BD  spectrophotometer  was  used  for  boron  in  a  carmine  procedure; 
for  copper  after  reaction  with  "zincon";  for  molybdenum  by  the  thiocyanate  method; 
and  for  phosphorus  as  molybdenum  blue.  Chlorine  was  determined  by  titration  of 
chloride  with  silver  nitrate  to  the  silver  chromate  end  point. 

The  Oregon  State  University  Soils  Department  determined  calcium,  iron,  mag- 
ne.sium,  manganese,  and  zinc,  using  a  Perkin-Elmer  model  303  atomic  absorption 
spectrometer,  and  potassium  and  sodium  by  flame  photometry  with  a  Beckman 
DU  spectrophotometer. 

All  nitrogen,  phosphorus,  sulfur,  plus  selected  boron  and  potassium  analyses 
were  made  in  duplicate.   A  single  determination  was  made  for  the  other  elements. 


Results 


Needles  of  nursery-grown  seedlings  were  in  the  same  size  range  as  those  of  for- 
est-grown seedlings,  except  for  those  in  the  Trout  Creek  division  at  Wind  River 
(table  1).  Needles  of  seedlings  in  the  Trout  Creek  division  were  considerably  shorter, 
a  condition  which  may  have  been  associated  with  the  slight  chlorosis  evident  at  the 
time  of  sampling.  Ash  content,  average  dry  weight  of  100  needles,  and  the  weight- 
to-length  ratio  of  needles  for  nursery  seedlings  also  fell  within  the  range  of  values 
for  forest  seedlings  except  for  some  Wind  River  samples. 

Differences  in  physical  characteristics  of  needles  did  not  appear  great  enough 
to  preclude  comparing  element  quantities  as  concentration  based  on  dry  weight  of 
needles.    Weight  data  in   table   1   are  based  on  needles  dried  at  65     C. 

Inspection  of  the  data  in  table  2  and  brief  consideration  of  common  ion  inter- 
actions (after  Smith  1962)  reveals: 

Nitrogen. — Foliar  concentrations  in  seedlings  from  Webster  and  Wind  River  nurs- 
eries were  quite  low  compared  with  those  in  seedlings  from  other  sources.  Neither 
Webster  nor  Wind  River  seedlings  showed  high  potassium  or  chlorine  concentrations 
which  are  sometimes  associated  with  depressed  nitrogen  levels. 

Phosphorus.  —  Concentrations  found  in  seedlings  from  the  Industrial  Forestry 
Association  nursery  at  Canby  and  from  the  Trout  Creek  division  of  the  Wind  River 
nursery  were  lower  than  those  in  seedlings  from  other  sources.  Nitrogen  abundance 
sometimes  depresses  phosphorus  content,  but  this  explanation  would  not  apply  to 
seedlings  from  the  Trout  Creek  division,  and  by  comparison  with  other  values  in  table 
2,  neither  would  it  apply  to  the  Industrial  Forestry  nursery.  Seedlings  from  the  Indus- 
trial Forestry  nursery  did  have  a  higher-than-average  concentration  of  iron,  but  in 
view  of  the  iron-phosphorus  ratio  found  in  Phipps  nursery  seedlings,  it  seems  doubtful 
that  iron  concentration  in  the  foliage  influenced  the  phosphorus  level.  However,  it  is 
possible  that  iron  may  be  influencing  phosphorus  availabihty  in  the  Sifton  soil  at 
Canby. 


Table  1 — Physical  description  of  foliage  samples 


Average 

Average 

Average 

dry  weight 

dry  w^eight 

Sample 

Seedling 

Seedlings 

needle 

Ash 

of  100 

per  100  cm. 

age 

sampled 

length 

content 

needles 

needles 

Years 

Forest-grown  seedlings: 

Brummet  Creek  3,4 

Cherry  Creek   4,5 

Marys  Peak 4 

Kautz  Creek  3,4 

Clatsop 3 

Seaside    5 

Cathlamet  5 

Ames  Creek 3,4 

Quartz  Creek   2,3 

Montesano    3,4 


Number    Centimeters      Percent  of 
±  2  standard     dry  weight 
errors 


196 
145 

85 
131 
130 

90 
112 
136 
127 
184 


3.11±0.14 

2.94±  .14 

2.49±  .10 

3.21±  .16 

2.92±  .16 

3.26±  .18 

3.52±  .18 

2.98±  .23 

2.89±  .14 

3.24±  .15 


4.11 
3.73 
4.48 
2.91 
4.24 
3.50 
3.20 
4.72 
3.88 
4.10 


Grams 


0.423 
.433 
.402 
.459 
.327 
.534 
.570 
.476 
.473 
.362 


Grams 


0.136 
.147 
.162 
.143 
.112 
.164 
.162 
.160 
.164 
.112 


Average  —  134  3.06  3.89  .446  .146 

Range    2-5  85-196  2.49-3.52  2.91-4.72  .327-.570  .112-.164 


Nursery-grown  seedlings: 

Industrial  Forestry 

Association 2-0 

Phipps  2-0 

Webster     2-0 

Wind  River: 

Old  section  1 2-0 

Old  section  2 _...  2-0 

Old  section  3 2-0 

Trout  Creek  1 3-0 

Trout  Creek  2 3-0 


205 

3.20± 

.16 

3.83 

.447 

.140 

465 

2.69± 

.12 

3.95 

.414 

.154 

224 

2.60± 

.05 

3.19 

.384 

.148 

316 

3.18± 

.15 

3.73 

.593 

.186 

180 

3.03± 

.19 

3.55 

.536 

.177 

163 

2.86± 

.18 

3.76 

.487 

.170 

797 

1.60  ± 

.08 

2.58 

.186 

.116 

1,047 

1.54± 

.06 

2.71 

.180 

.117 

'Weight  data  based  on  needles  dried  at  65     C;  to  convert  values  to  100    C.  dry-weight 
basis,  multiply  by  a  factor  of  1.031. 
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Potassium. —  Values  for  seedlings  from  Webster  nursery  and  Trout  Creek  divi- 
sion of  the  Wind  River  nursery  were  substantially  lower  than  those  from  other  sources. 
High  nitrogen,  phosphorus,  calcium,  or  magnesium  concentration  may  sometimes  de- 
press potassium  level,  but  none  of  these  elements  appear  sufficiently  abundant  to  have 
depressed  potassium.  Likewise,  low  values  for  sodium  rule  out  its  possible  depress- 
ing influence  on  potassium  level. 

Calcium. — Foliage  concentration  in  seedlings  from  all  nurseries  fell  within  the 
range  found  in  forest-grown  seedlings. 

Magnesium. — Concentrations  of  this  element  in  foliage  samples  from  nurseries 
were  near  the  low  end  of  the  range  for  those  from  forest-grown  seedhngs,  and  a  few 
from  Wind  River  were  lower.  In  no  sample  does  concentration  of  magnesium  appear 
to  have  been  caused  by  high  concentration  of  phosphorus,  potassium,  zinc,  mangan- 
ese, or  boron. 

Sulfur. — Concentrations  in  foliage  of  nursery-grown  seedlings  fell  within  the  range 
for  forest-grown  seedhngs. 

Iron,  manganese,  zinc,  copper,  chlorine.  —  Levels  appear  satisfactory,  though 
the  manganese  concentration  in  seedlings  from  the  Industrial  Forestry  nursery 
approaches  the  low  end  of  the  range  found  in  forest-grown  seedlings.  Judged  by  iron 
and  manganese  levels  in  seedlings  from  the  Phipps  nursery,  it  appears  unlikely  that 
the  higher-than-average  iron  concentration  in  seedling  foliage  at  the  Industrial  For- 
estry nursery  depressed  manganese  level. 

Boron. — Seedlings  from  Webster  and  Wind  River  nurseries  had  lower  concentra- 
tions than  those  in  other  locations.  Low  boron  concentration  is  sometimes  caused  by 
high  potassium  concentration,  but  potassium  levels  were  near  average  or  less  for  seed- 
lings from  these  two  nurseries. 

Molybdenum. — No  conclusions  can  be  reached,  as  concentration  was  too  low  in 
most  cases  for  reliable  determination. 

Sodium. — Concentrations  found  in  foliage  of  nursery-grown  seedlings  appear  in- 
consequential. 


Discussion 


Foliar  levels  of  macronutrient  elements  revealed  by  the  analyses  generally  rein- 
force observations  and  experience  at  the  various  nurseries.  At  Wind  River,  soil  anal- 
yses have  shown  the  Trout  Creek  division  to  be  lower  in  fertility  than  the  old  nursery. 
In  nearby  forest  areas,  higher  soil  nitrogen  levels  have  resulted  in  increased  growth 
of  Douglas-fir  trees  (Tarrant  1961).  PossibiUties  for  increasing  nitrogen  in  seed- 
lings at  Webster  nursery  are  consistent  with  the  experience  that  nitrogen  fertilization 
of  Douglas-fir  growing  on  Puget  Sound  area  soils  characteristically  produces  additional 
growth  (Gessel  et  al.  1965).  The  low  concentration  of  potassium  was  unexpected, 
however.  Phosphorus  merits  special  attention  at  the  Industrial  Forestry  Association 
nursery.  Stunted  seedlings  have  resulted  there  from  temporary  circumstances  which 
led  to  reduced  phosphorus  uptake.-  High  levels  of  all  elements  found  in  seedlings  from 
the  Phipps  nursery  are  reflected  in  their  rapid  growth. 

For  several  micronutrient  elements,  the  picture  is  less  clear.  For  example,  zinc 
concentration  in  seedlings  at  Webster  nursery  is  one  of  the  lowest  among  nurseries, 
but  similar  to  that  at  several  forest  locations.  Pot  tests  show  zinc  may  produce 
a  growth  response  on  Webster  nursery  soils.'  Therefore,  pot  tests  of  micronu- 
trients  seem  desirable  to  confirm  or  modify  interpretations  based  on  these  foliar  anal- 
yses, especially  since  some  micronutrient  deficiencies  are  known  to  occur  in  the  North- 
west (Beeson  1959;  Viets  1963). 

Despite  good  agreement  between  information  provided  by  this  study  and  "edu- 
cated" guesses  on  fertilizer  needs  in  individual  nurseries,  the  many  unknowns  existing 
in  use  of  foliar  analysis  techniques  call  tor  examination  of  the  assumptions  involved 
in  making  comparisons  between  nursery-  and  forest-grown  seedlings.  For  example,  is 
current-year  foliage  from  2-  and  5-year-old  plants  comparable?  Experience  has  shown 
foliage  age  to  be  much  more  important  than  plant  age  (Smith  1962).  Data  of  Hohne 
and  Nebe  (1964),  for  example,  show  little  or  no  difference  in  concentrations  of  sev- 
eral elements  in  1-year-old  foliage  from  spruce  15  to  90  years  old.  Element  con- 
centrations found  in  foHage  of  the  seedlings  studied  (table  2)  are  also  in  reasonable 
agreement  with  concentrations  found  in  or  recommended  for  older  Douglas-fir  trees 
(Beaton  et  al.  1964;  Beaton  et  al.  1965;  Gessel  et  al.  1960).  Thus,  the  age  range  among 
sample  seedlings  is  not  likely  to  have  been  a  serious  source  of  error. 


-Study  by  James  M.  Trappe  and  Robert  F.  Strand.    Data  on  file  at  Pacific  Northwest  Forest 
&  Range  Exp.  Sta.,  U.S.  Forest  Serv.,  Portland,  Oregon. 

Andertion.  Harry  W.    The  effect  of  .so//  zinc  concentration  on  the  growth  of  Douglas-fir  seed- 
lings.   1967.    (Manuscript  submitted  to  Tree  Planter.';'  Notes  for  publication.) 


What  effect  did  the  different  environments  from  which  seedhngs  originated  have 
on  the  analytical  results  obtained?  Environmental  factors  can  affect  mineral  compo- 
sition of  foliage  strongly  under  poor  growing  conditions  (Bloomberg  1965).  However, 
none  of  the  seedlings  sampled  in  this  study,  with  the  possible  exception  of  those 
from  the  Trout  Creek  division  at  Wind  River,  could  be  classed  as  growing  poorly. 
Temperature  patterns  undoubtedly  differed  among  sample  locations.  Mergen  and 
Worrall  (1965)  found  no  significant  temperature  effect  on  foliage  concentration  of 
nitrogen,  phosphorus,  or  potassium  in  Pinus  banksiana  seedlings  of  several  sources 
growing  in  three  controlled  environments.  For  the  intended  purpose  of  the  present 
study,  variation  caused  by  environmental  differences  probably  did  not  seriously  con- 
found comparisons  of  foliage  concentration. 

Genetic  variation  within  a  species  may  cause  differences  in  mineral  composition 
of  conifer  seedlings  (Mergen  and  Worrall  1965).  Uniform  results  (table  2)  within 
divisions  of  the  Wind  River  nursery,  where  seedlings  from  several  beds  of  vary- 
ing seed  source  were  composited  to  make  up  each  sample,  indicate  that  if  genetic- 
caused  variations  existed,  they  were  averaged  out.  Reasonably  good  agreement 
between  samples  from  the  same  division  of  the  Wind  River  nursery  may  also  indi- 
cate that  the  generous  sample  size  used  was  adequate  to  characterize  relatively  homo- 
geneous areas. 

Nitrogen  data  provided  by  Leyton  (1958)  indicate  that  if  needles  from  terminals 
rather  than  from  lateral  twigs  are  sampled,  foliage  concentrations  tend  to  be  greater. 
Since  foliage  of  terminals  was  used  from  samples  collected  at  Wind  River  and 
Webster  nurseries,  interpretations  about  low  nitrogen  levels  there  may  be  conservative. 

Concentration  in  foliage  provides  little  information  on  degree  of  response  an  in- 
creased supply  of  an  element  may  produce,  due  to  interactions  with  other  elements 
and  the  environment.  Only  a  general  idea  of  nutrient  balance  can  be  attained.  Tests 
of  fertilizers  on  potted  seedlings  may  also  produce  results  not  attainable  in  the  field 
(Timm  et  al.  1966).  Nonetheless,  both  foliar  analyses  and  pot  tests  provide  infor- 
mation to  guide  choice  and  scope  of  field  tests. 

In  evaluating  fertihzer  tests,  success  in  increasing  growth  in  the  nursery  may 
be  less  important  than  increasing  seedhng  capabiHty  to  survive  and  grow  rapidly 
after  outplanting.  What  could  be  considered  "luxury  consumption"  for  growth  in  the 
nursery  might  serve  later  to  enhance  growth  of  outplanted  seedlings  (Anderson  and 
Gessel  1966;  Krueger  1967;  Smith  et  al.  1966). 

Based  on  results  of  this  study,  first  priority  in  future  tests  should  be  given  to 
improve:  Industrial  Forestry  Association  nursery  —  phosphorus  and  possibly  mangan- 
ese; Webster  nursery  —  nitrogen,  potassium,  and  possibly  boron;  Wind  River 
nursery  —  nitrogen,  magnesium,  and  possibly  boron  in  the  old  nursery  area,  and 
nitrogen,  phosphorus,  potassium,  magnesium,  and  possibly  boron  in  the  Trout  Creek 
division. 
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htroduction 

■^nalpine   fir'    is  a   wide-ranging 
C  iter   in   boreal   and    mountain 


ions  of  western  North  America. 

hough  most  abundant  in  the 

L'ky  Mountain  region,  it  is  also 

lajor  component  of  high-eleva- 

1  forests  in  the  Cascade  Range 

)f  )regon  and  Washington  and  in 

h  Olympic  Mountains  of  VVash- 

iiton. 

li  ent  investigations  show  that 
;U)alpine  fir  often  behaves  as  a 
eitively  intolerant  species  and  is, 
h  refore,  serai  on  most  forested 
i"  s  in  the  Cascade  Range.  It  is 
il )  an  important  pioneer  species 
)r  many  severe  sites  found  at 
liher  elevations  —  on  talus,  lava 
l(\,s,  and  avalanche  tracks  and  at 
il  iH'rline.  These  features  contrast 
V  11  the  shade  tolerance  and  di- 
ns; status  described  for  subalpine 
II  n  the  Rocky  Mountains. 

Pis  paper  describes  the  succes- 
i'nal  status  of  subalpine  fir  on 
'sious  sites  in  the  Cascade  Range 
irl  changes  being  effected  by  cur- 
et  epidemic  infestations  of  bal- 
ai  woolly  aphid  (Adelges  piceae 
F.tzeburg)j.  Where  appropriate, 
icitrasts  are  drawn  with  the  be- 
irior  of  subalpine  fir  in  the  Rocky 
^  untains. 


Cnmon  and  scientific  names  of  tree  species 
•rfisted  on  page  16. 


Identification 

Subalpine  fir  is  readily  distinguish- 
ed from  associated  species  in  the 
Cascade  Range  by  its  distinctive 
spirelike  form.  The  ''i-  to  1 -inch- 
long  dark,  blue-green  needles  and 
the  2V2-to4-inch-long  purplish-gray 
to  black  cones  also  provide  positive 
identification  (Alexander  1958). 
Its  inner  bark  contains  numerous 
tiny  resin  pockets,  lacking  in  any 
other  indigenous  true  fir  (fig.  1). 


Distribution  in 
the  Cascade  Range 

Subalpine  fir  occurs  the  length  of 
the  Cascade  Range  in  Washington 
and  Oregon  but  is  uncommon  south 
of  Crater  Lake  National  Park  (fig. 
2).  Near  its  southern  limits  it  is 
increasingly  restricted  to  wet,  cool 
sites  along  streams  or  around 
marshy  areas.  An  earlier  report  of 
subalpine  fir  in  California  was 
proved  erroneous  by  Haddock 
(1961),  and  the  southernmost  oc- 
currence now  known  is  at  Mount 
Ashland  on  the  eastern  edge  of  the 
Siskiyou  Mountains. ' 

Subalpine  fir  is  most  common  at 
elevations  above  4,000  feet,  but  is 
often  found  much  lower.  On  west- 
ern slopes  of  the  Cascade  Range, 
subalpine  fir  is  common  to  eleva- 
tions below  2,000  feet  on  the  West 
Crater  lava  beds  (fig.  2)  and  often 
follows  talus  and  avalanche  tracks 
to  elevations  of  less  than  3,000  feet. 
On  eastern  slopes  of  Washington's 
Cascade  Range,  subalpine  fir  drops 
to  lower  elevations  on  cool,  moist 
habitats  such  as  floors  of  deep  val- 
leys and  in  frost  pockets;  e.g.,  at 
2,700  feet  along  Big  Meadows 
Creek  in  the  Chiwawa  River  drain- 
age; 2,500  feet  in  Agnes  Creek 
drainage;  and  2,000  feet  along  the 
Stehekin  River,  near  the  upper  end 
of  Lake  Chelan.  In  fact,  most  for- 
ests at  elevations  above  2,500  to 
3,000  feet  in  glaciated  valley  flooi-s 


Dennis.  LaRea  June.  A  taxonomic  study  of 
the  vascular  flora  on  Ashland  Peak,  Jack- 
.so/!  County.  Oregon.  144  pp..  illus.  1959. 
(Unpublished  master's  thesis  on  file  at  Ore- 
gon State  Una.,  Corvallis.) 


Figure  1  .—Tangential  cut  through  hark: 
A,  subalpine  fir.  showing  numerous  resm 
pockets  throughout:  B.  Pacific  silver  fir. 
showing  lack  of  resin  pockets.  (Magnification 
1.6X) 
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Figure  2.— Distribution  of  subalpine  fir 
\'^4:^_'''<^ik'Hn  the  Cascade  Range.  Crosshatched 
,^  „  ,         •^1^^^'^     ^^^^  ^^  f^^  Wenatchee  Province 
'  'T^:*;^^ *-ir.t       (Franklin  1965).  Numbers  refer  to 

study  areas  mentioned  in  this  paper: 
1,  West  Crater  lava  beds;  2,  Big  Lava 
Beds;  3,  Hood  River  Meadows; 
4,  Timber  line  Road;  5,  Santiam  Pass;- 
6,  Big  Lake;  7,  Steamboat  Mountain; ' 
8,  Pinegrass  Ridge;  9,  Pasayten  River; 
10,  Chiwawa  River;  11,  Sunrise  Ridge 
(Mount  Rainier);  12,  Goat  Rock§ 
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u  t  he  east  side  of  the  Washington 
Ciscade  Range  contain  subalpine 
fi  and  Engelmann  spruce  as  major 
cmponents. 

Sdworth  (1908)  provides  the  best 
s'lnmary  statement  on  occurrence 
0  subalpine  fir  in  the  Cascade 
Ejinge:  "In  cool,  moist,  and,  in 
prt,  subalpine  situations;  com- 
ti)nly  on  slopes  at  timberline,  and 
a  its  lower  limits  in  protected  val- 
.(  s,  at  heads  of  streams,  and 
iout  mountain  lakes  and  mea- 
Iws." 


Associated  Tree 
Species 

Species  associated  with  subalpine 
fir  in  the  Cascade  Range  are  sum- 
marized in  table  1.  Pacific  silver 
fir,  mountain  hemlock,  and  lodge- 
pole  pine  are  the  major  associates 
in  closed  forest  stands  throughout 
the  Cascades  except  in  the  Wenat- 
chee  Province  (Franklin  1965). 
Major  timberline  associates  are 
mountain  hemlock  and  whitebark 
pine.  Engelmann  spruce  is  not  a 
constant  associate  of  subalpine  fir 
except  in  the  Wenatchee  Province 
and  on  exceptionally  moist,  cool 
habitats  scattered  throughout  the 
western  and  southern  Cascade 
Range. 

This  group  of  associates  is  some- 
what different  from  those  typical 


of  interior  subalpine  fir  forests. 
Throughout  the  Rocky  Mountains 
Engelmann  spruce  is  subalpinf  fir's 
most  common  companion  (Alex- 
ander 1958).  Several  other  Rocky 
Mountain  associates  —  e.g.,  white 
spruce,  blue  spruce,  and  limber 
pine  —  are  absent  from  the  Cas- 
cades; conversely,  Pacific  silver  fir 
(always)  and  mountain  hemlock 
(usually)  are  not  found  in  the 
Rocky  Mountains.  These  differ- 
ences in  associated  tree  species 
have  important  implications  in 
successional  patterns  and  compo- 
sition of  climax  forest. 


ri 

>le  1 . — Associates  of 

subalpine  fii 

in  different 

provinces  of  the  Cascac 

e  Range 

Type  of  forest 
and  species 

Province 

1 

Mount 
Baker 

Mount 
Rainier 

Willamette 

Mount 
Adams 

Mount 
Hood 

Three 
Sisters 

Crater 
Lake 

Wervatchee 

1 

osed  forest  stands: 

1 

Mountain   hemlock 

M 

M 

M 

M 

M 

M 

M 

m 

Pacific  silver  fir 

M 

M 

M 

M 

M 

M 

m 

m 

Lodgepole  pine 

m 

m 

m 

M 

M 

M 

M 

M 

Western  white  pine 

m 

m 

m 

m 

m 

m 

m 

M 

Engelmann   spruce 

m 

m'-' 

m- 

m" 

m- 

m- 

M 

Whitebark   pine 

m 

m 

m 

m 

m 

m 

m 

m 

Western  hemlock 

m 

m 

m 

m 

m 

m 

m 

m 

Douglas-fir 

m 

m 

m 

m 

m 

m 

m 

m 

Alaska-cedar 

m 

m 

m 

m 

m 

m 

Noble  fir 

m 

m 

m 

m 

m 

m 

Grand  fir 

m 

m 

m 

m 

m 

Shasta  red  fir 

m 

Western  larch 

m 

m 

m 

Ponderosa  pine 

m 

m 

■nberline  stands: 

Mountain  hemlock 

M 

M 

M 

M 

M 

M 

M 

m 

Whitebark    pine 

m 

m 

m 

M 

M 

M 

M 

M 

Pacific  silver  fir 

m 

m 

m 

m 

m 

m 

Alaska-cedar 

m 

m 

m 

Subalpine  larch 

M 

Engelmann   spruce 

m 

'^Provinces  are  as  defined  by  Franklin   (1965). 
[-Except  a  major  associate  on  localized  cool,  moi 


Symbols  indicate:    M,  major  associate;  m,  minor  associate, 
st, bottom-land  sites. 


l^UCCCSSlOn  on                             cascade  Range,  Excepting                 general  exception  to  this  pa 
TvviCdl                                      Wenatchee  Province                            is  in  the  Wenatchee  Provir 
•^^                                              m,          u      ^    1        4-  4-u        i--      n           the  northeastern  Washington 
Pnrf^cf  <siff^c                             Throughout  almost  the  entn-e  Cas-            ,                                        ^ 
rUlC^l  vDllCif                              cade  Range,  subalpine  fir  is  a  serai      ^'*"*^^- 

species  on  typical  forest  sites.  It       The  serai  status  and  appare 
This  section  considers  the  succes-       invades  recently  disturbed  areas,       tolerance  of  subalpine  fir  i 
sional  status  of  subalpine  fir  on      forming  mixed  stands  with  species       Cascade  Range  has  not  beer 
typical  forest  sites;  i.e.,  sites  hav-      g^^h  as  lodgepole  pine.  But  it  fails      viously  noted.  It  is  consistent 
ing   or   capable   of  developing  a      to  perpetuate  itself  in  the  shade  of      ported  as  more  shade-tolerant 
closed  forest  canopy.  Two  distmc-       maturing  stands  and  is  gradually       any  associates,  including  E 
tive  situations  are  encountered:       replaced  by  more  shade-tolerant       niann  spruce.  Studies  have  s 

( 1 )  subalpine  fir  as  a  serai  species      associates  such  as  Pacific  silver  fii-       subalpine  fir  forms  a  stable  c 
in  most  of  the  Cascade  Range,  and       ^j^^j  mountain  hemlock.  The  only       with  white  or  Engelmann  sp 

(2)  subalpine  fir  as  a  chmax  species                                                                   •        reproduction  of  subalpine 
in  the  Wenatchee  Province  (fig.  2). 

Table  2. — Number  of  trees  by  size  classes   (diameter)    and   species   on   a    15-   by   25-meter   plot   in  each    of   six 
containing    subalpine   fir;    the    Cascade    Range    of   northern    Oregon  and   southern  Washington,    1961- 

Plot  and  species 

Size  class  (diameter  in  inches) 

<2 

2- 

4 

4- 
12 

12- 
20 

20- 
28 

<  3  feet 
tall 

>  3  feet 
tall 

Big  Lake  (Willamette  National  Forest): 

Subalpine  fir 

661 

152 

19 

3 

(   ') 

1 

Lodgepole  pine;      Live 

60 

12 

1 

2 

1 

1 

Dead 

— 



24 

3 

1 

Mountain   hemlock 

8 

1 

1 

— 

— 

— 

Hood  River  Meadows  (Mount  Hood  National  Forest) : 

Subalpine  fir:           Live 

8 

(    ') 

5 

4 

3 

Dead 

— 

— 

3 

1 

— 

Lodgepole  pine:       Live 

— 

— 

— 

— 

2 

Dead 

— 

— 

— 

— 

1 

1 

Pacific  silver  fir 

75 

1 

— 

— 

1 

— 

Western  white  pine 

— 

— 

— 

— 

— 

— 

( 

Grand  fir 

— 

— 

— 

— 

— 

( 

Steamboat  Mountain  (Gifford  Pinchot  National  Forest): 

Subalpine  fir:           Live 

— 

— 

— 

— 

6 

4 

Dead 

— 

— 

— 

— 

5 

1 

Pacific  silver  fir 

22 

4 

(  o 

(  0 

— 

— 

( 

Mountain   hemlock 

— 

— 

— 

— 

— 

1 

Sunrise  Ridge   (Mount  Rainier  National  Park): 

Subalpine  fir 

8 

2 

1 

5 

13 

— 

Pacific  silver  fir 

248 

14 

3 

1 

— 

(  O 

( 

Mountain   hemlock 

— 

(    0 

— 

— 

— 

— 

Timberline  Lodge  road  (Mount  Hood  National  Forest): 

Subalpine  fir:           Live 

— 

— 

— 

1 

5 

2 

Dead 

— 

— 

— 

2 

1 

— 

Pacific  silver  fir 

765 

21 

1 

1 

— 

(  M 

Mountain   hemlock 

15 

5 

3 

3 

4 

— 

Sontiam   Pass    (Willamette  National  Forest): 

Subalpine  fir    (dead) 

— 

— 

— 

4 

2 

— 

Lodgepole  pine    (dead) 

— 

— 

— 

2 

1 

— 

Pacific  silver  fir 

3,720 

15 

4 

9 

1 

— 

Mountain   hemlock 

8 

2 

3 

19 

6 

1 

Western  white  pine 

— 

— 

— 

— 

1 

— 

'Si-e  class   was   represented  in   an   adjacent  part  of  the  stand  (outside  the  plot). 

open  dominant  (Alexander  1958, 
riubenmire  1952,  LeBarron  and 
Jinison  1953).  However,  these 
sitements  regarding  tolerance  and 
SI cessional  status  of  subalpine  fir 
a'  all  based  on  studies  conducted 
iithe  Rocky  Mountains  or  boreal 
C  nada.  These  areas  differ  from 
t  e  Cascade  Range  in  (1)  major 
e  \ironmental  features  and  (2) 
ti  ;)!  absence  of  Pacific  silver  fii- 
id  general  absence  of  mountam 
linlock.  In  northern  Idaho  where 
iDuntain  hemlock  does  occur  with 
sDalpine  fir  and  Engelmann  spruce, 
bth  have  proved  serai  to  moun- 
tin  hemlock. ' 

lie  conclusion  that  subalpine  fir 
is-^eral  on  most  forest  sites  in  the 
Cscade  Range  is  based  on  exam- 
irilions  of  many  stands.  Six  stands 
irvarious  stages  of  succession  were 
siidied  in  detail  between  1961  and 
L  ).!  to  illustrate  the  role  of  sub- 
iiiine  fir.  They  are  located  in  the 
II  rt  hern  Oregon  and  southern 
Vishington  Cascade  Range  (fig. 
i  A  15-  by  25-meter  plot  was  lo- 
y.A'd  in  each  stand  studied.  On 
3  -h  plot,  all  trees  in  each  size 
:!  ss  were  recorded,  by  species, 
.'  cpt  for  seedlings  up  to  3  feet 
:;1  which  were  tallied  on  two  1- 
3  25- meter  strips  within  each 
ager  plot  and  then  projected  to  a 
Li  by  25-meter-plot  basis. 

F  suiting  size-class  distributions 
wre  used  to  determine  the  suc- 
3ifesional  status  of  subalpine  fir 
t)ked  on  the  following  principles, 
[ijmature  stands,  a  climax  species 
wil  usually  exhibit  the  inverse  J- 
^hped  distribution  curve,  typical 
3  tolerant  species,  when  number 
D  individuals  are  plotted  against 
ije  class.  Largest  numbers  of  in- 
I'iduals  are  found  in  the  smalle.st 
sedling)  size  cla.ss;  representation 
i:reases  rapidly  with  increasing 
jje  class.  Serai  species,  however, 
:£k  representation  in  smaller  size 
:lsses  and  exhibit  gaps  in  the  dis- 
:ibution  curve;  e.g.,  in  sapling  or 
pie  sizes.  Such  a  void  in  a  stand 
aproaching  climax  indicates  seed- 
igs  of  this  species  are  unable  to 


'![.  R.  Dauhenmire.  personal  communicd- 
tit. 


survive  and  grow  into  larger  size 
classes.  Consequently,  it  would  not 
be  represented  in  the  climax  for- 
est. Kittredge  (1934)  used  size- 
cla.ss  distribution  data  in  a  similai' 
fashion  to  determine  successional 
status  of  tree  species  on  Star 
Island,  Minnesota. 

Size-class  distributions  in  the  six 
stands  sampled  clearly  illustrate 
the  serai  status  of  subalpine  fir 
(table  2).  The  Big  Lake  stand 
(table  2,  figs.  3  and  4)  represents 
an  early  stage  of  succession.  The 
overstory  consists  of  subalpine  fir 
and  lodgepole  pine.  Many  lodge- 
pole  pines  have  died  from  attacks 
of  mountain  pine  beetle  ( Dendroc- 
tonus  monticolae  Hopkins)  and  a 
lodgepole  pine  sawfly  (Neodiprion 
nanulus  Shedl  contortae  Ross). 
Judged  by  the  large  number  of 
seedhngs  and  saplings  present,  the 
second  generation  stand  will  be 
predominantly  subalpine  fir;  moun- 

Fifiuic  :i.—L(i(lgvpi)le  pinv-siilnilpinv  fir  slaiu/ 
at  Bif<  Lake.  Willamette  Satumal  Forest. 


tain  hemlock  has  just  begun  to 
invade   the   site. 

The  Hood  River  Meadows,  Steam- 
boat Mountain,  and  Sunrise  Ridge 
stands  (table  2)  provide  examples 
of  more  advanced  successional 
situations.  All  three  stands  have 
nearly  pure  subalpine  fir  over- 
stories.  At  Hood  River  Meadows 
and  Steamboat  Mountain,  older 
subalpine  firs  are  dying  with  little 
or  no  reproduction.  In  all  three 
stands,  seedlings  of  Pacific  silver 
fir,  the  most  probable  climax 
species,  arc  abundant.  The  greater 
number  of  Pacific  silver  fir  seed- 
lings in  the  Sunrise  Ridge  plot 
reflects  presence  of  a  good  seed 
source  adjacent  to  the  subalpine 
fir  stand.  A  dense  herbaceous 
understory  has  prevented  estab- 
lishment of  abundant  reproduction 
at  Steamboat  Mountain. 

The  stand  on  the  Tiniberline  Lodge 
road  (table  2,  fig.  5)  represents  an 
even  moie  advanced  state  in  suc- 


Figure  4.— Interior  of  lodgepole  />ine-siil>- 
alpine  fir  stand  at  Bifi  Lake,  Willamette 
National  Forest.  Note  abundanee  of  sub- 
alpine fir  seedlinf^s  and  saplinf^s. 


J, 


cession.  Subalpine  firs  in  the  over- 
story  canopy  are  dying  and  smaller 
size  classes  are  not  present.  Moun- 
tain hemlock  constitutes  the  bulk 
of  basal  area  in  this  stand.  How- 
ever, it,  too,  is  poorly  represented 
in  younger  age  classes.  The  major 
climax  species  appears  to  be  Pacific 
silver  fir,  which  is  well  represented 
in  younger  age  classes.  Intercession 
of  a  stand  of  mountain  hemlock 
between  stands  of  subalpine  fir  (or 
subalpine  fir  and  lodgepole  pine) 
and  a  climax  forest  of  Pacific  silver 
fir  is  common,  especially  where  a 
Pacific  silver  fir  seed  source  is  ab- 
sent at  the  beginning  of  the  sere. 

The  Santiam  Pass  stand  (table  2) 
represents  a  near-climax  forest  of 
Pacific  silver  fir  and  mountain 
hemlock.  Subalpine  fir  is  repre- 
sented only  by  dead  trees.  Moun- 
tain hemlock  dominates  the  stand, 
but  relative  numbers  of  seedlings 
and  saplings  indicate  it,  too,  will 
be  largely  (if  not  completely)  re- 
placed by  Pacific  silver  fir. 


Distribution  of  areas  where  sub- 
alpine fir  is  abundant  in  the  Cas- 
cade Range  reinforces  the  belief 
that  disturbance  is  necessary  for 
establishment  of  subalpine  fir 
stands.  Except  in  the  northeastern 
Washington  Cascades  (Wenatchee 
Province),  subalpine  fir  is  rarely  a 
major  component  of  old-growth 
stands.  Dense  stands  containing  a 
large  component  of  subalpine  fir 
are  generally  in  areas  disturbed 
within  the  last  150  years. 

F'ire  appears  to  have  been  the  most 
important  disturbing  agent;  all 
stands  listed  in  table  1  occurred  on 
soils  with  abundant  charcoal  in 
surface  horizons.  The  areas  of  the 
Cascade  Range  where  subalpine  fir 
is  most  abundant,  excluding  tim- 
berline  and  the  Wenatchee  Prov- 
ince, are  the  High  Cascades  prov- 
inces, from  the  Mount  Adams 
Province  south  through  the  Three 


Sisters  Province  (Franklin  li 
This  pattern  of  occurrence  lar 
coincides  with  extensive  fires 
ing  historic  times  (fig.  6).  Son 
the  famous  spired  subalpin 
stands  in  the  vicinity  of  Para 
Park  at  Mount  Rainier  may  1 
also  developed  following  bun 
(Haines  19B2). 

Wenatchee  Province 

The  highest  elevation  forest 
in  this  province  is  usually  the  I 
alpine  Fir-Engelmann  Spruce  ] 
(Franklin  and  Trappe  1963).  ' 
area  is  largely  free  of  competi 
more  tolerant  than  subalpine 
mountain  hemlock  and  Pacifii 
ver  fir  occur  only  locally,  i. 
alpine  fir-Engelmann  spruce  foi 
here  are  much  like  those  of  no 
ern  Idaho  in  distribution  and  ( 
position.  Not  only  do  they  coi 
tute  the  zonal  climax  forests 
as  in  northern  Idaho,  "As  a  ti 
edaphic  climax,  peninsular  st 
of  it  [spruce-fir  forests]  exten 


Figure  5.— Interior  of  subalpine  fir-mountain  hemloek-Pacific  silver  fir  stand  along  Timberline  Lodge  road.  Mount  Hood  National  Forest. 
Reproduetion  is  almost  entirely  Paeifiv  silver  fir.  (The  stake  (arrow)  in  t/iis  am/  figures  1(1  and  II  is  1  meter  high  and  is  marked  off  in 
deei meter  .•<egnients.) 


alier  low  elevations  where  they 
f '11  expand  to  cover  the  floors  of 
ct  pockets  in  valleys  surrounded 
J  some  representative  of  the 
'hja-Tsuga  zone"  (Daubenmire 
92). 

ie-class  distributions  of  species 
1  ypical  stands  from  the  north- 
i  v\n  Washington  Cascades  pro- 
ii'  conclusive  evidence  (table  3) 
nt  subalpine  fir  is  the  major  cli- 
i,\  species  in  many  spruce-fir 
:ads.  In  fact,  at  eastern  edges  of 
ip  east-west-trending  ridges  (e.g., 
Vnatchee  Mountains,  Chelan 
luntains,  Entiat  Mountains), 
relmann  spruce  is  a  minor  com- 
oent  or  even  absent  from  many 
I  Upine  fir  stands  (Franklin  and 
rppe  1963).  Eastern  extremities 
f  hese  ridges  are  relatively  dry, 
ei)ite  their  elevation,  and  Engel- 
inn  spruce  is  either  absent  or 
jpned  to  moister  habitats. 


Figure  6. —Sithalpine  fir  growing  on  a  tract  burned  over  (ihout  1900.  near  Mount  Wash- 
ington. Willamette  National  Forest. 


e  3. — Number  of  trees  by  size  classes   (diameter)    and   species  on  a    15-  by 
three  stands   containing   subalpine    fir;    Wenatchee    Province    of    the 

25-meter  pi 
Cascade  Rar 

ot  in  each   of 
ige,  1961-63' 

Plot  and  species 

Size  class  (diameter  in  inches) 

<2 

2- 

4 

4- 
12 

12- 
20 

20- 
28 

28- 
36 

<  3  feet 
tall 

>  3  feet 
tall 

1 

isayten  River: 

Subalpine  fir 

636 

48 

5 

2 

1 

3 

2 

Engelmann  spruce 

16 

5 

2 

— 

1 

2 

4 

Lodgepole  pine 

— 

(0 

— 

1 

— 

— 

— 

{ 

liwawa  River: 

Subalpine  fir 

116 

56 

2 

2 

4 

2 

(') 

Engelmann  spruce 

8 

2 

6 

{') 

— 

(  =  ) 

2 

Western  white  pine 

— 

— 

— 

— 

— 

— 

1 

Grand  fir 

(') 

8 

— 

— 

1 

1 

1 

1 

negrass  Ridge: 

Subalpine  fir 

880 

141 

23 

2 

6 

1 

c^) 

Engelmann  spruce 

48 

6 

1 

4 

— 

2 

1 

Western   hemlock 

8 

— 

— 

— 

— 

1 

— 

Western  redcedar 

— 

— 

— 

1 

1 

— 

— 

Western  white  pine 

— 

— 

— 

— 

— 

1 

(O 

Lodgepole  pine 

— 

— 

— 

— 

(^-) 

— 

— 

Douglas-fir 

— 

— 

— 

— 

— 

— 

(  ) 

^Wenatchee  Province   is  as   c 
-Size  class  was  represented 

iefined  by  F 
in  an  adjacer 

ranklin  (1965 
it  part  of  the 

stand  (outsic 

ie  the  plot). 

Succession  on 
Severe  Sites 

Subalpine  fir  is  often  a  pioneer  in 
the  development  of  a  forest  on 
severe,  generally  inhospitable  sites. 
These  may  be  raw,  geologically 
young  surfaces,  such  as  lava  flows 
or  talus  slopes,  or  climatically 
severe  regions  near  timberline.  The 
remarkable  success  of  subalpine  fir 
as  a  pioneer  species  is  accounted 
for  by  its  ability  to  become  estab- 
lished on  sites  too  severe  for  less 
hardy  competitors  together  with 
its  ability  to  enlarge  colonies 
through  layering.  On  most  of  these 
severe  sites,  the  forest  will  not 
close  over  for  centuries,  and  sub- 
alpine fir  is  essentially  a  climax 
species. 

Lava  Flows 

On  lava  flows  in  southern  Wash- 
ington and  northern  Oregon,  sub- 
alpine fir  is  often  the  major  tree 
species.  For  example,  it  is  the  most 
important  tree  at  upper  elevations 


on  Big  Lava  Beds  (fig.  7),  an  ex- 
tensive flow  located  between  the 
Wind  River  valley  and  Mount 
Adams  in  southern  Washington. 
On  the  West  Crater  lava  flows  in 
the  same  area,  subalpine  fir  is  co- 
dominant  with  Douglas-fir  over 
almost  the  entire  surface,  even 
extending  to  elevations  lower  than 
2,000  feet.  The  forest  on  the  West 
Crater  flows  is  very  similar  to  a 
Douglas-fir-subalpine  fir  associa- 
tion described  by  Roach  (1952)  on 
a  part  of  the  central  Oregon  Nash 
Crater  lava  flow.  Both  are  open 
forests  growing  in  a  broken  crust 
of  block  basalt.  Greater  numbers 
of  seedlings  and  saplings  (table  4 
and  Roach  ( 1 952 ) )  suggest  subalpine 
fir  is  more  aggressive  at  pioneering 
the  site  than  is  Douglas-fir.  Sub- 
alpine fir  is  also  a  major  tree  species 
on  some  raw  lava  surfaces  south- 
west of  Mount  St.  Helens,  although 
lodgepole  pine  is  more  common  on 


flow  surfaces  in  this  area.  On  the  I 
McKenzie  Pass  lava  flows  in  the 
central  Oregon  Cascades,  subalpine 
fir  shares  pioneer  status  with  moun- 
tain hemlock  and  whitebark  pine. 

The   "forests"   growing  on   thea 
lava  flows  are  comparatively  open 
Limiting  factors  in  regeneration  an 
related  to  substrate  —  not  light - 
and,  with  limited  tree  competition  "[jl 
subalpine  fir  is  able  to  establisl  ,, 
and  maintain  itself.  Size-class  disDii; 
tributions  of  tree  species  in  mos^ 
lava  flow  stands  show  little  orii(i 
evidence   of  successional   chang(|j 
(table  4).  Subalpine  fir  is  reprfli 
ducing  in  sufficient  abundance  t( 
at  least  maintain  its  proportion  o 
the  stand.  Accordingly,  these  stand 
exemplify  situations  where  sub 
alpine   fir   is   an   edaphic   clima 
species. 

It  must  be  noted,  however,  thaij 
subalpine  fir  is  not  present  on  a 
recent  lava  flows  in  the  Cascad 


Table  4. — Number  of  trees  by  size  classes    (diameter)    and   species  on   a    15-  by  25-meter  plot  in  each   of  three 

stands  dominated  by  subalpine  fir;  Cascade  Range  lava  flow  communities,  1961-63  '''' 


Plot  and  species 


Size  class   (diameter  in  inches) 


<  2 


3  feet 
tall 


>  3  feet 
tall 


2- 

4 


4- 
12 


12- 
20 


20- 
28 


28- 
36 


Big  Lava  Beds.- 


Subalpine  fir 


32 


22 


16 


24 


Western  white  pine 


(M 


West  Crater  lava  flow: 


Subalpine  fir 


16 


10 


14 


Douglas-fir 


(') 


(O 


McKenzie  Pass  lava  flow: 


Subalpine  fir 


Whitebark  pine 


(O 


Mountain   hemlock 


1 


'Size  class  ivas  represented  in  an  adjacent  part  of  the  stand  (outside  the  plot). 


Iiange.  Composition  of  lava  flow 
clmmunities  depends  upon  many 
['  tors,  some  of  the  most  important 
t  ing  characteristics  of  the  flow 
srface,  elevation,  and  available 
s.d  sources.  Roach  (1952)  noted 
slialpine  flr  may  be  absent  from 
I  rtions  of  a  lava  flow  well  within 
1    geographic  range. 

ilus  and  Avalanche  Areas 

ibalpine  flr  is  a  climax  species  on 


high-elevation  talus  (fig.  8)  and  on 
avalanche  tracks  in  the  Cascade 
Range.  In  the  Washington  Cascades 
(including  Wenatchee  Province),  it 
is  often  the  majoi-  tree  species  and 
is  sometimes  the  only  one  present 
(especially  on  talus).  Frequently 
the  authors  have  traveled  through 
forests  containing  little  or  no  sub- 
alpine  flr,  only  to  come  upon  intei- 
vening  talus  or  slide  areas  where  it 
is  abundant.  This  phenomenon  is 


especially  striking  in  the  Mount 
Baker  and  Mount  Rainier  Prov- 
inces (Franklin  1965)  where  dense 
old-growth  forests  of  Pacific  silver 
fir,  hemlocks,  and  cedars  occupy 
many  acres  totally  lacking  in  sub- 
alpine  fir.  Yet,  where  talus  or  an 
avalanche  train  causes  a  break  in 
the  dense  forest,  open  stands  of 
subalpine  fir  occur  as  islands  or  as 
peninsular  extensions  from  higher 
elevations. 


Figure  7— (I. ef/- lower  left)  Sulnilpine  fir 
groivinfi  on  Big  Lava  Beds  in  t/ic  smithern 
Washington  Cascade  Range. 


Figure  H.— Subalpine  fir  on  an  extensive  talus 
near  Bumping  Lake.  Snoqualnue  National  Forest. 
Note  layering  present  near  ha.ses  of  many  trees. 
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As  on  lava  flows,  subalpine  fir  is 
present  as  a  pioneer  species.  Yet,  it 
forms  a  topoedaphic  climax  on 
these  sites  because  the  open  stands 
and  exclusion  of  potential  competi- 
tors have  minimized  competition 
from  other  trees.  On  talus  the 
limiting  environmental  factor  is 
again  the  substrate,  whereas  on 
avalanche  tracks  it  is  usually  re- 
peated snow  slides.  Abundant  lay- 
ering of  subalpine  fir  growing  on 
these  habitats  is  a  very  useful  adap- 
tation for  their  colonization. 

Timberline 

Subalpine  fir  is  a  conspicuous  fea- 
ture of  timberline  forests  in  the 
Cascade  Range.  This  area  of  sub- 
alpine meadows  and  groups  of  sub- 
alpine fir,  mountain  hemlock,  and 
whitebark  pine  (fig.  9)  is  sometimes 
called  the  Hudsonian  Zone.  It  is  a 
tension  zone,  a  dynamic  ecotone 
between  tree  and  treeless  veg- 
etation, in  which  changes  are  con- 
stantly taking  place  due  to  allo- 
genic (e.g.,  long-  and  short-temi 
climatic  variations)  as  well  as  auto- 
genic (changes  in  environment 
brought  about  by  plants)  factors. 
Successional  sequences  among  tree 
species  are  sometimes  obscured  by 
allogenic  changes  in  environment 
and,  therefore,  discernment  of  nat- 


ural patterns  in  forest  succession 
require  extensive,  detailed  obser- 
vations. Detailed  studies  of  natural 
succession  among  timberline  tree 
species  in  the  wetter  portions  of 
the  Washington  Cascade  Range 
are  discussed  here.  Although  tim- 
berline forests  in  the  Wenatchee 
Province  are  relatively  poorly 
known,  openness  of  the  stands  and 
lack  of  more  tolerant  arborescent 
competitors  insure  subalpine  fir  a 
permanent  place  there. 

Subalpine  fir  occupies  a  somewhat 
dichotomous  successional  position 
at  timberline  in  the  wetter  regions 
of  the  Washington  Cascade  Range. 
It  perpetuates  itself  in  open  sub- 
alpine forest  regions  and  in  a  cer- 
tain limited  sense  can  be  considered 
a  climax  species.  But,  it  does  not 
necessarily  retain  possession  of  in- 
dividual areas  which  it  colonizes. 
Changes  are  constantly  taking 
place.  There  is  good  evidence  that 
"family"  groups  of  subalpine  fir 
and  mountain  hemlock  have  been 
invading  heather  or  meadow  com- 
munities for  the  last  50  years  (Brink 
1959,  Franklin  1966).  Brockman 
( 1949)  mentions  growth  and  coales- 
cence  of  subalpine   tree   groups 


and  resulting  replacement  of  mei-^ 
dow  vegetation  by  forest.  Sub. 
alpine  fir  is  often  the  leader  i 
these  invasions  (Brink  1959,  Frani 
lin  1966),  although  it  is  sometime 
accompanied  by  mountain  hemlocl 
(Van  Vechten,'  Cooper  1942).  Bu 
what  of  succession  during  develop 
ment  and  expansion  of  these  tre 
groups?  j 

A  definite  sequence  in  tree  specie'i' 
is  associated  with  growth  and  ex 
pansion  of  subalpine  tree  groups 
It  was  repeatedly  observed  durin] 
examinations  of  nearly  100  "fam 
ily"  groups  of  various  sizes  (am 
presumably   ages)   in   the   Goan! 
Rocks  Wilderness  and  at  Sunris" 
Ridge  and  Paradise  Park  on  Moun 
Rainier,  all  in  western  Washington 
Initiation  of  a  new  group  appar 
ently  begins  with  an  individual  o 
small  group  of  seedlings.  The  initi. 
ator  may  be  subalpine  fir  or  whiteii 
bark  pine,  the  latter  often  becomn 
ing  established  in  small  groups  (figi 
10)  from  buried  cones  or  rodent  on 
bird  seed  caches.  Mountain  hemn 
lock  was  not  a  common  pioneer  ir 

'Van  Vechten,  George  Wendell  III.  TfiD 
ecology  of  the  timberline  and  alpine  vege^ 
tation  of  the  Three  Sisters,  Oregon.  Ill  pp.i^ 
illus.  1960.  (Unpublished  Ph.D.  thesis  on  fiU 
at  Oregon  State  Univ.,  Corvallis.) 
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Figure  9.— Subalpine  tree  groups  near  timberline  on  Sunri.<ie  Ridge,  Mount  Rainier  National  Park.  Groups  are  predominantly  subalpine 
fir  and  whitebark  pine. 


M^ 


1|ie  Mount  Rainier  area,  although 
i  does  initiate  meadow  invasion 
mewhere.  ■  " 


^  the  small  patches  of  seedlings 
'velop,  they  exert  an  ever-increas- 
g  inHuence  on  the  microclimate 
-  the  blackbody  effect  causing 
( rlier  snowmelt  and  thereby 
lingthening  the  growing  season.' 
'he  group  enlarges  by  layering  of 
>  l)alpine  fir  as  well  as  establish- 
icnt  of  new  trees  from  seed  (fig. 
]  ).  Mountain  hemlock  seedlings 


■  ( I'llherg.  Kenneth  Charles.  The  eoniferoufi 
(  >ti)ne  of  the  east  slopes  of  the  northern 
(■ei;„n  Cascades.  IIH  pp..  illus.  1961.  (Un- 
fhhshed  Ph.D.  thesis  on  file  at  Oregon  State 
iin  ..  Coriallis.) 

"  -e  footnote  4. 

■  ■('  footnote  5. 


become  established  within  pro- 
tection of  subalj)ine  tir  and  white- 
bark  pine.  Subalpine  fir  and  white- 
bark  pine  fail  to  reproduce  in 
shaded  areas  and  are  gradually 
eliminated  from  the  center  part  of 
the  group  by  mountain  hemlock. 

The  largest,  and  presumably  old- 
est, stand  which  could  be  positively 
identified  as  a  subalpine  forest 
group  was  about  100  by  400  feet 
in  size  and  completely  surrounded 
by  meadow  vegetation.  Here,  sub- 
alpine fir  (mature  and  reproduc- 
tion) and  occasional  whitebark  pine 
were  confined  to  the  margins  of 
the  group.  The  center  was  domin- 
ated by  large  overmature  moun- 
tain hemlocks,  among  which  were 
scattered  abundant  seedlings,  sap- 


lings, and  poles  of  Pacific  silver  fir. 
Mountain  hemlock  reproduction 
was  sparse  and  confined  to  rotten 
wood.  It  appears,  therefore,  that 
Pacific  silver  fir  will  be  the  major 
climax  species  in  a  family  group 
originally  started  by  seedlings  of 
subalpine  fir  and  whitebark  pine. 

The  development  of  subalpine  tree 
groups  is  ilhistrated  schematically 
in  figure  12.  Significantly,  the  suc- 
cessional  sequence  is  the  same  as 
that  encountered  well  below  tim- 
berline  following  destruction  of 
dense  Pacific  silver  fir-mountain 
hemlock  forests.  This  develop- 
mental pattern  also  contrasts  with 
the  development  of  subalpine  tree 
groups  in  comparatively  drier  re- 
gions such  as  the  Teton  Range  of 


Figure  1 1.— Subalpine  forest  groups  in  early  stages 

of  deielopment.  Group  in  upper  picture  appears  to  have 

been  initiated  by  whitebark  pine:  group  in  lower  picture 

by  subalpine  fir.  Some  mountain  hemlock  seedlings  have 

become  established  within  the  protection  of  larger  subalpine 

fir  and  whitebark  pine.  Expansion  of  groups  is  taking 

place  largely  by  layering  of  .-subalpine  fir.  In  the  lower 

picture,  note  that  whitebark  pine  saplings  are  confined  to 

the  margin  of  the  group.  Sunrise  Ridge,  Mount  Rainier 

National  Park. 


Figure  10.— (Below  left)  Whitebark  pine  seedlings  in 

subalpine  meadow  which  probably  developed  from 

a  bird  or  rodent  seed  cache.  Seedling  groups  of  this 

type  often  initiate  development  of  a  subalpine  forest 

group.  Sunri.'ie  Ridge,  Mount  Rainier  National  Park. 
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Wyoming  (Griggs  1938)  and  on 
cinder  flats  in  the  central  Oregon 
Cascade  Range. ^  In  these  areas, 
"timber  atolls"  are  found  in  which 
groups  of  subalpine  fir  and  other 
species  expand  outward  by  layer- 
ing and  seeding  but  leave  the  cen- 
ter of  the  group  hollow  or  vacant. 

"Krummholz"  Areas 

"Krummholz"  refers  to  individual 
and  small  groups  of  trees  growing 
above  timberline.  These  trees  are 
characteristically  contorted  and 
dwarfed  due  to  severe  alpine  cli- 
mate (hence  "krummholz,"  a  Ger- 
man term  meaning  crooked  or  bent 
wood).  Here,  environmental  influ- 
ences are  much  more  important  in 
seedling  establishment  than  com- 
petition  for   moisture   and   light 


'See  footnote  5. 


among  tree  species.  Subalpine  fir 
is  especially  adapted  to  this  en- 
vironment because  of  its  ability  to 
layer.  Other  species,  notably  sub- 
alpine larch  or  whitebark  pine,  may 
extend  to  higher  elevations,  but  a 
single  established  subalpine  fir  is 
capable  of  colonizing  a  greater  area 
than  an  individual  of  any  other 
species  in  the  krummholz  region. 

Serai  or  climax  designations  are 
usually  not  applied  to  tree  species 
in  krummholz  stands,  but  subalpine 
fir  is  definitely  a  pioneer  in  this 
environment.  Archer  (1964)  has 
described  a  successional  sequence 
in  krummholz  stands  in  coastal 
British  Columbia  in  which  sub- 
alpine fir  succeeds  Alaska-cedar 
and  is  in  turn  replaced  by  moun- 
tain hemlock. 
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Pests  Affecting 
Subalpine  Fir 

The  insect  and  disease  situati( 
with  subalpine  fir  is  general 
poorly  known,  though  the  speci 
apparently  has  few  enemies.  Son 
primary  root  diseases,  such  ; 
Armillaria  mellea  Vahl  ex  Fr.  ar 
Fames  annosus  (Fries)  Karst,  a: 
apparent  and  bark  beetles  such  i 
Pseudohylesinus  grandis  Swair 
and  Dryocoetes  confusus  Swaii 
have  been  known  to  attack  a  fe 
trees,  but  the  total  impact  of  the; 
pests  has  not  appeared  significan 
The  important  enemy  of  subalpir 
fir  in  the  Pacific  Northwest  is  a 
introduced  pest  from  Europe  —  iY 
balsam  woolly  aphid  (Adelges  (■. 
Chermes)  piceae  (Ratzeburg)). 

Of  native  true  firs,  subalpine  fir 
the  most  sensitive  to  balsam  wool 
aphid  (Mitchell  1966),  and  ep 
demic  infestations  of  the  wool 
aphid  have  been  responsible  f( 
dramatic  changes  in  the  ecology  i 
subalpine  fir  over  a  wide  area.  Sine 
discovery  of  the  aphid  in  19^ 
(Johnson  and  Wright  1957),  tl 
pest  has  killed  subalpine  fir  alor 
the  Cascade  Range  from  Mom 
Rainier  in  central  Washington  ( 
Crater  Lake  in  southern  Orego 
The  southward  spread  of  the  aph 
in  the  Crater  Lake  area  is  coi 
tinning,  although  it  is  nearing  tl 
southern  limit  of  subalpine  fir.  1 
the  north,  around  Mount  Rainie 
the  status  of  the  aphid  is  unknow 
One  spot  infestation  of  undete 
mined  size  has  been  found  nort  i 
of  Mount  Rainier,  in  the  Midd  i 
Fork  drainage  of  the  Snoqualm  : 
River. 

Mortality  due  to  the  balsam  wool  * 
aphid  is  sometimes  quite  sever' 
Subalpine  fir   growing  in   moil 
stream  bottomis  and  around  lowii| " 
mountain  meadows  (fig.  13)  is(*[^ 
tremely   sensitive   to   the   aph::],'' 
Stands   growing   on   and   aroui 


Figure  12.—  Schematic  diagrrim  showing 
the  development  of  subalpine  forest  groups 
on  western  slopes  of  the  Washington 
Cascade  Range. 
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Iva  beds  have  also  suffered  severe 
nmage.  Over  80-percent  mortality 

as  observed  in  a  mature  stand 
I  cnving  on  the  West  Crater  lava 

)\v  in  the  Wind  River  drainage 
I  southwest  Washington.  Signi- 
lant  mortality  has  also  been  ob- 
i  1  \  ed  in  other  lava  beds,  partic- 
larly  at  lower  elevations. 

( )iiceivably,  aphid  outbreaks  could 

(iininate  subalpine  fir  from  local- 

ied  areas.  In  closed,  mixed  stands, 

lie  aphid  will  hasten  replacement 

r  subalpine  fir  by  more  tolerant 

;)ecies.    Greatest  impact   of  the 

nhid  appears  to  be  on  the  pio- 

i'ering  ability  of  subalpine  fir — 

lose  instances  where  the  fir  in- 

ides  lava  beds,  talus  slopes,  old 

leaver  marshes,  etc.  Adversities  of 

lie  physical  environment  —  already 

onsiderable  in  these  situations  — 

re  greatly  magnified  by  the  aphid. 

Iso,  the  aphid's  habit  of  settling 

1   terminal   buds   inhibits   new 

j'owth  and  reduces  the  possibility 

I  seed  production,  further  reduc- 

:  g  effectiveness  of  subalpine  fir  in 

(blonizing  nonforested  land  and 

maintaining  its  tenuous  hold  in 

iime  areas. 

ortunately,  mortality  is  seldom 
omplete  in  an  infested  area.  Sup- 
tessed  trees  and  poor-site  trees 
;e  far  less  sensitive  to  aphid  in- 
i stations  than  was  once  believed, 
.'ven  in  areas  where  mortality  is 
fiavy,  a  few  large  trees  nearly 
;|ways  escape  attack,  because  of 
nance,  local  environment,  or  pos- 
ifoly  genetic  characteristics.  But 
ile  most  significant  characteristic 
t"  infestation  patterns  is  that  at- 
tcks  are  most  abundant  and  most 
;?rious  at  lower  elevations.  Sub- 
;,pine  fir  above  5,500  to  6,000  feet 
ii  rarely  attacked,  and  a  wide  zone 
ij  left  between  timberline  and  the 
infestation  area.  Here,  it  appears, 
fjiccession  will  proceed  normally, 
'ithout  interference  from  the  bal- 
iim  woolly  aphid. 


Figure  13.—  Dcst  nation  of  suhalpinc  fir  hy  balsam  unolly  aphid  is  complete 

in  many  stands  surrounding  mountain  meadows  in  the  western  Cascades  of  Oregon. 

Lookout  Mountain,  Willamette  National  Forest. 


Significance  in 
Land  Management 

Ecologically,  subalpine  fir  is  a  very 
important  species  in  high-elevation 
forests.  As  a  forest  pioneer  on  lava 
flows,  avalanches,  and  other  severe 
sites  in  the  high  Cascades,  it  is 
probably  unequaled.  By  providing 
cover  on  these  and  fire-devastated 
tracts,  subalpine  fir  can  be  a  dis- 
tinct asset  in  watershed  protec- 
tion and  landscape  rehabilitation. 

In  commercial  management  of  sub- 
alpine fir  forests,  foresters  must 
consider  the  tree's  successional 
status  as  well  as  the  probable  im- 
pact of  the  balsam  woolly  aphid. 
In  the  Wenatchee  Province,  sub- 
alpine fir  is  both  abundant  and 
free  of  aphid  infestation.  In  this 
area,  subalpine  fir  will  be  favored 
by  shelterwood  or  selection  cutting 
since  it  is  the  most  tolerant  species 
normally  present,  and  clearcutting 
will  tend  to  favor  associated,  less 
tolerant  species.  Silvicultural  knowl- 
edge developed  in  Rocky  Mountain 
subalpine  fir  stands  (Alexander 
1958,  Daubenmire  1952,  LeBarron 
and  Jemison  1953)  can  be  drawn 
upon  with  reasonable  safety  until 
detailed  studies  have  been  con- 
ducted in  the  Wenatchee  Province. 

Elsewhere  in  the  Cascade  Range, 
subalpine  fir  has  little  commercial 
value,  is  generally  infested  by  bal- 
sam woolly  aphid,  and  behaves  as 
an  intolerant  species.  It  is  some- 
times logged  along  with  other  high- 
elevation  species,  but  low  stump- 
age  values  render  timber  sales 
aimed  specifically  at  subalpine  fir 
impractical.  In  many  cases,  such 
stands  are  best  left  alone  —  salvable 
timber  values  are  not  commensur- 
ate with  losses  of  other  multiple- 
use  values.  However,  in  stands 
where  timber  harvesting  is  plan- 
ned, it  must  be  recognized  that 
shelterwood  or  selective  cutting 
will  favor  regeneration  of  species 
other  than  subalpine  fir,  especially 
if  subalpine  fir  seed  source  is  elim- 
inated. The  closed  stands  would 
have  little  or  no  advance  regener- 
ation present. 


Esthetically,  subalpine  fir  is  un- 
equaled as  a  dramatic  backdrop. 
More  than  any  other  species,  sub- 
alpine fir  symbolizes  high-elevation 
beauty,  a  sense  of  eternity,  and 
wilderness.  Most  outdoor  enthus- 
iasts in  the  West  could  scarcely 
imagine  a  mountain  meadow  with- 
out subalpine  fir.  In  high-use  rec- 
reation areas,  such  as  National 
Parks,  this  factor  deserves  much 
consideration.  Alpine  meadows  may 
need  some  management  to  keep 
the  wilderness  image  that  the  pub- 
lic has  been  conditioned  to  expect. 

It  is  not  yet  clear  what  the  full 
effects  of  balsam  woolly  aphid  will 
be  on  subalpine  fir  and,  as  a  con- 
sequence, the  natural  ecology  and 
management  of  the  Cascade  Range. 
The  outbreak  has  not  yet  run  its 
course;  it  still  appears  to  be  spread- 
ing in  many  areas.  Nevertheless, 
present  indications  are  that  stands 
on  the  east  side  of  the  Cascades 
will  not  be  damaged  by  the  aphid. 
Elsewhere,  high-elevation  stands, 
from  5,500  or  6,000  feet  to  timber- 
line,  will  probably  also  escape  sig- 
nificant infestation.  Many  low-ele- 
vation stands  are  apparently  doom- 
ed, destruction  by  the  aphid  hav- 
ing been  almost  complete.  Ecolog- 
ically, the  widespread  death  of 
subalpine  firs  in  pioneer  situations 
—  around  meadows,  avalanche 
areas,  and  lava  beds  —  is  partic- 
ularly serious  because  there  often 
appears  to  be  no  other  tree  species 
capable  of  taking  its  place.  Loss  of 
subalpine  fir  from  commercial  for- 
est stands  is  at  least  economically 
less  serious  since  many  other  species 
of  higher  or  equivalent  value  ai'e 
adapted  to  these  sites. 


Summary 


Subalpine  fir  has  a  far  differei 
ecological  role  in  most  parts  of  1 1 
Cascade  Range  than  it  does  i 
Rocky  Mountain  spruce-fir  fores  s 
Subalpine  fir  is  serai  on  sites  whi  1 
will  support  closed  forest  stanc  • 
it  regenerates  following  disturban  ; 
and  is  gradually  eliminated  li   i; 
more  tolerant  associates  such 
mountain   hemlock   and   Pacii 
silver  fir.  On  some  other  sites,  sum 
as  recent  lava  flows  and  talus,  sun 
alpine  fir  pioneers  and  is  mail 
tained  as  a  topoedaphic  or  edapbli 
climax  species.  In  open  subalpi)ii 
forests   near   timberline    (fore«  ^ 
groups  scattered  through  subalpii^ 
meadows),  it  often  pioneers  butt;  '' 
sometimes  replaced  by  mountaj 
hemlock  and  Pacific  silver  firri 
forest  succession  is  allowed  to  co(i 
tinue.  The  ability  of  subalpine  1 : 
to  enlarge  original  colonies  by  las  to 
ering  partially  accounts  for  its  sun   I 
cess  as  a  pioneer  species  on  sonn 
of  these  difficult  sites.  In  the  north 
eastern  part  of  the  Cascade  Ranjill 
(Wenatchee  Province),  more  tole 
ant  associates  of  subalpine  fir  a  t 
generally  lacking.  There  it  is-: 
climax  species,  occupying  the  san  t 
ecological    niche    as   in   interim 
mountain  ranges. 

Balsam  woolly  aphid  is  causir: 
significant  mortality  in  many  sul 
alpine  fir  stands  in  Oregon  ar  i 
southern  Washington,  virtualK 
eliminating  it  from  some  area 
This  destruction,  coupled  with  tl: 
serai  role  of  subalpine  fir  on  mo!  t 
forest  sites,  is  producing  a  drast : 
downward  trend  in  importance  ( f 
subalpine  fir  in  areas  of  aphid  ii - 
festation. 
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Common  and 

Scientific  Names 

\ 

of  Tree  Species 

Mentioned  in  tlie 

Text 

i 

Abies  amabilis  (Dougl.)  Forbes 

Pacific  silver  fir 

Abies  grandis  (Dougl.)  Lindl. 

grand  fir 

Abies  lasiocarpa  (Hook.)  Nutt. 

subalpine  fir 

Abies  magnifica  var.  shastensis  Lemm. 

Shasta  red  fir 

Abies  procera  Rehd. 

noble  fir 

Chamaecyparis  nootkatensis  (D.  Don)  Spach 

Alaska-cedar 

Larix  lyallii  Pari. 

subalpine  larch 

Larix  occidentalis  Nutt. 

western  larch 

Picea  engelmannii  Parry 

Engelmann  spruce 

Picea  glauca  (Moench)  Voss 

white  spruce 

Picea  pungens  Engelm. 

blue  spruce 

Pinus  albicaulis  Engelm. 

whitebark  pine 

Pinus  contorta  Dougl. 

lodgepole  pine 

Pinus  flexilis  James 

limber  pine 

Pinus  monticoia  Dougl. 

western  white  pine 

Pinus  ponderosa  Laws. 

ponderosa  pine 

Pseudotsuga  menziesii  (Mirb.)  Franco 

Douglas-fir 

Tsuga  heterophylla  (Raf.)  Sarg. 

western  hemlock 

Tsuga  mertensiana  (Bong.)  Carr. 

mountain  hemlock 

The  FOREST  SERVICE  of  the 
U.  S.  DEPARTMENT  OF  AGRICULTURE 
is  dedicated  to  the  principle  of  mul- 
tiple use  management  of  the  Nation's 
forest  resources  for  sustained  yields 
of  wood,  water,  forage,  wildlife,  and 
recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private 
forest  owners,  and  management  of 
the  National  Forests  and  National 
Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly 
greater  service  to  a  growing  Nation. 
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LITERATURE  ON  THE  BITTERLICH  METHOD 
OF  FOREST  CRUISING 

This  bibliography  on  the  Bitterlich  method  of  forest  cruising 
(forest  point-sampling)  begins  where  an  earlier  bibliography  by  George 
W.  Thomson  and  Glenn  H,  Deitschman—  ended.   The  period  covered  is 
generally  from  1959  through  1965   This  is  not  an  attempt  to  list  all 
related  publications  for  that  period   A  few  publications  are  not  in- 
cluded here  because  of  the  time  it  takes  for  some  foreign  literature 
to  be  cited  in  English  sources. 

There  is  a  considerable  amount  of  unpublished  related  material  in 
existence  in  the  form  of  field  plor.  manuals,  in-Service  reports,  teach- 
ing materials,  and  training  aids  used  by  Federal,  State,,  private,  and 
educational  sources.   Only  a  limited  number  of  these  materials  are 
noted. 

The  bibliography  is  compiled  in  three  parts: 

1.  Formal  publications 
2o  Unpublished  theses 
3o  Unpublished  mimeographed  reports, 
papers,  and  materials. 

In  addition  to  the  above  groups  of  materials  on  the  Bitterlich 
method,  a  number  of  short  selections  on  forest  point-sampling  have  been 
published  in  "Timber  Tips  for  Forest  Service  Personnel,"  a  serial  publi- 
cation by  the  Washington  Office  of  the  U.S.  Forest  Service,   Forest 
point-sampling  is  a  modification  of  the  Bitterlich  method. 

Point-sampling  is  now  being  used  in  the  forest  inventory  program 
of  all  U.S.  Forest  Service  Forest  Experiment  Stations  and  Regional 
Offices.   Point-sampling  instructions  have  been  prepared  for  local  and 
regional  in-Service  use  by  these  offices  and  by  the  Washington  Office 
of  the  U.S.  Forest  Service. 

The  author  is  indebted  to  Mrs-  Lora  Kelts,  Agriculture-Forestry 
Librarian,  and  to  Jan  Van  Valzah,  Librarian  Assistant,  both  of  whom  are 
members  of  the  staff  of  the  University  Library  at  Oregon  State  University. 
Their  reviews  and  comments  were  very  helpful  and  are  sincerely  appreciated, 
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State  Univ.,  Agr.  and  Home  Econ.  Exp.  Sta.   1959. 
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Introduction 


Governmental  agencies  and  private  developers  have  tried  vigorously  dur- 
ing the  past  decade  to  accommodate  the  burgeoning  numbers  of  forest 
campers.  The  U.S.  Forest  Service  alone  spent  $28  million  in  fiscal  year  1966 
for  recreation  management.  Much  of  that  was  spent  on  campground  develop- 
ment and  maintenance. 

Suitable  and  attractive  places  for  camping  on  government  forest  land  along 
well-traveled  roads  generally  require  construction  and  maintenance  of  facilities 
to  accommodate  the  intensive  camping  demand  stimulated  by  easy  access.  Such 
facilities  serve  two  general  purposes:  (1)  they  protect  the  people  from  one  an- 
other and  (2)  they  protect  the  sites  so  that  they  remain  reasonably  pleasant  for 
future  users.  Back-country  camping,  on  the  other  hand,  may  need  only  mini- 
mum facility  development,  but  it  does  require  maintenance  that  is  made  expen- 
sive by  the  lack  of  ready  access  inherent  in  the  term  "back  country."  Another 
cost  of  back-country  camping  results  from  the  acreages  often  necessarily  re- 
moved from  timber  harvesting  opportunities.  Thus,  provision  of  camping  oppor- 
tunities tends  to  be  expensive  whether  the  costs  stem  from  (1)  facility  develop- 
ment and  maintenance  or  (2)  forgone  timber  harvest  opportunities  associated 
with  allocation  of  back  country  to  camping  and  related  recreation  activities. 

Where  large  costs  are  involved,  administrators  are  challenged  to  use  moneys 
wisely  to  provide  for  balance  in  opportunities  provided  and  to  invest  wisely  in 
facilities  that  will  meet  or,  preferably,  anticipate  needs  and  demands.  For  sound 
planning,  research  is  needed  to  assess  ( 1 )  who  is  making  specific  demands  to- 
day, (2)  what  the  processes  are  that  helped  shape  the  demands  being  made, 
and  (3)  what  demands  those  processes  are  likely  to  lead  to  in  the  immediate 
and  distant  future.  No  one  study  can  provide  all  the  answers,  but,  hopefully, 
each  study  done  can  contribute  significantly  to  understanding  part  of  the  over- 
all complexity  and  can  serve  as  a  partial  groundwork  for  new  studies  that  reach 
for  a  yet  higher  level  of  understanding. 

The  primary  objective  of  this  report  is  to  present  findings  from  research 
that  compared  three  types  of  campers  on  selected  social  characteristics  and  on 
attitudes  toward  a  few  elements  of  the  camping  environment.  Campers  com- 
pared are  easy-access-only  (roadside)  campers,  remote-only  (back-country  or 
wilderness)  campers,  and  campers  who  do  both  kinds  of  camping  (combination 
campers).  A  secondary  objective  is  to  note  significant  differences  between 
campers  as  a  whole  and  the  general  population. 

Findings  are  reported  on  the  kinds  of  families  who  go  camping,  the  influ- 
ence of  childhood  experiences  in  the  outdoors  upon  adult  selection  of  forest 
activities,  the  economic  position  of  camping  families,  and  some  of  the  attitudes 
different  user  groups  have  toward  one  another  and  toward  campsite  spacings. 

The  findings  are  selected  from  a  1962  study  of  campers  in  the  Three  Sisters 
and  Lake  of  the  Woods  areas  in  Oregon.  Because  of  the  heterogeneity  of  inter- 
ests that  seems  to  exist  between  recreationists  found  in  various  types  of  areas, 
it  would  be  hazardous  to  generalize  far  beyond  the  camper  population  found  in 
the  forested  mountains  of  Oregon,  Washington,  and  northern  California. 

Emphasis  in  this  report  is  upon  the  less  obvious  but  significant  differences 
between  camping  groups.  In  pointing  out  those  differences,  much  additional 
data  is  necessarily  presented  for  analysis  and  interpretation  which  is  further 
discussed  elsewhere.'  Preliminary  to  reporting  the  findings,  the  study  areas  and 
research  methods  are  described  for  fuller  understanding  of  the  validity  and  scope 
of  the  study  results. 


'Fo7-  further  details  see:  Burvh,  William  R.,  Jr.  Nature  as  symbol  and  expression 
in  American  social  life:  A  sociological  exploration.  1964.  (Unpublished  Ph.D.  thesis 
on  file  at  Univ.  Minn.) 
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The  study  areas 


The  Three  Sisters  Wilderness  Area,  Oregon,  and  adjacent  National 
Forest  lands  were  the  principal  spatial  settings  for  the  1962  study  of 
family  campers  (figs.  1  and  2).  This  total  area  will  be  referred  to  as  the 
Three  Sisters  area. 

The  Three  Sisters  area  is  close  to  the  population  centers  of  the  State, 
being  within  6  hours'  driving  time  from  Portland,  Salem,  and  Eugene- 
Springfield.  The  area  is  administered  by  two  National  Forests,  the  Willam- 
ette on  the  west  side  and  the  Deschutes  on  the  east  side  of  the  Cascade 
Range.  This  wilderness  area  contains  196,708  acres  accessible  only  to  the 
hiker  or  horseback  rider.  In  the  surrounding  territory,  there  are  numerous 
roadside  campgrounds  of  varied  accessibility  and  attractions.  The  area  is 
rich  in  recreational  opportunities,  from  trout  fishing  in  streams  and  lakes 
to  the  study  of  recent  volcanism  and  living  glaciers. 

The  other  setting  included  in  the  study  was  Lake  of  the  Woods  area 
in  the  Winema  National  Forest  in  southern  Oregon.    Adjacent  to  Lake  of 
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Figure  2.  —  The  two  study  areas  are  located  along  the  crest  of  the  Oregon  Cascades. 


the  Woods  is  the  Mountain  Lakes  Wild  Area.-  The  study  sample  included 
campers  from  the  Mountain  Lakes  Wild  Area  and  the  two  campgrounds  at 
Lake  of  the  Woods  that  were  open  in  1962. 

Extension  of  the  study  to  the  Lake  of  the  Woods  area  permitted  samp- 
ling more  potential  variation  among  campers,  since  campers  were  included 
from  another  population  center  and  additional  campers  were  added  from 
another  location  where  water  skiing  predominated.' 

The  Lake  of  the  Woods  area  is  within  1  hour's  driving  time  from 
Medford  and  Klamath  Falls.  The  principal  attraction  is  the  large  mountain 
lake.  The  Mountain  Lakes  Wilderness  Area  is  2  miles  east  of  Lake  of  the 
Woods  and  includes  23,100  acres  of  high  country  accessible  only  by  trail. 
The  scenic  attractions  and  recreation  opportunities  for  this  total  area  are 
much  less  varied  and  less  spectacular  than  those  of  the  Three  Sisters  area. 

In  total,  the  study  areas  offered  an  excellent  assortment  of  attractions 
for  the  varieties  of  Pacific  Northwest  families  who  camp  in  the  mountains. 


'Renamed  "Mountain  Lakes  Wilderness  Area"  under  the  Wilderness  Act  of  1964. 
^The  Three  Sisters  area  had  only  one  water  skiing  location,  Big  Cultus  Lake. 


Research  methods 


We  selected  the  study  areas  to  obtain  a  wide  range  of  variation  in 
mountain  campers,  since  we  wished  to  explore  a  wide  range  of 
responses  to  certain  questions  of  interest  in  the  study.  Consistent  with 
this  intent,  we  used  a  mailed  questionnaire  to  obtain  responses  from  a 
maximum  number  of  campers  with  minimum  disturbance  to  their  forest  visits. 

The  use  of  questionnaires  required  a  list  of  names  which  would  be 
representative  of  the  different  types  of  camping  found  in  the  area.  To  col- 
lect the  most  representative  sample  at  a  minimum  cost,  three  sources  were 
used  for  obtaining  names  and  addresses  —  short  campground  interviews, 
licenses  of  autos  in  campgrounds,  and  a  system  of  registration  stations 
which  ringed  the  wilderness  areas.  The  nature  of  these  sources  will  be 
described  below. 

A  series  of  interview  travel  routes  permitted  the  sampling  of  a  wide 
range  of  auto  campgrounds  adjacent  to  the  Three  Sisters  Wilderness  Area 
and  two  campgounds  in  the  Lake  of  the  Woods  area.  The  interviewer 
stopped  at  each  campground  on  a  predetermined  route  and  interviewed 
all  available  family  camping  groups.  When  a  campsite  was  occupied  but 
no  one  was  present  for  interviewing,  the  available  auto  license,  if  any,  was 
recorded.  There  were  two  interviewing  periods  —  August  8  to  16  and 
August  21  to  29.  In  addition  to  282  family  camping  groups  interviewed, 
auto  licenses  brought  another  82  names.  Information  from  unmanned  regis- 
tration stations  located  at  the  heads  of  all  entry  trails  into  the  wilderness 
areas  was  sorted  to  collect  633  names.    Included  on  the  list  from  wilderness 


registers  were  all  persons  likely  to  be  family  heads  who  camped  overnight 
or  longer  in  the  wilderness  areas.  The  register  information  had  been  col- 
lected thoughout  the  entire  1962  summer  camping  season;  most  groups 
had  registered  during  July  and  August.  These  procedures  provided  997 
usable  names  and  addresses. 

On  December  31,  1962,  a  detailed  questionnaire  (see  "Appendix"  for 
relevant  excerpts)  with  an  explanatory  cover  letter  was  sent  out.  Two 
followup  notices  brought  an  89.7-percent  return.  This  was  an  outstanding 
respKjnse  to  a  mailed  questionnaire,  especially  one  that  was  seven  pages 
long  with  many  essay-type  questions.  A  random-sample  telephone  check 
of  nonrespondents  indicated  no  distinct  pattern  of  nonresponse;  therefore, 
those  who  returned  the  questionnaire  were  assumed  to  be  representative  of 
the  total  sample. 

Of  the  returns,  740  represented  family  camping  groups  who  stayed 
overnight  or  longer  in  the  forest.  All  analyses  in  this  rep>ort  are  based  upon 
these  740  returns. 

Responding  family  groups  were  classed  into  three  camping  styles  — 
easy  access,  combination,  and  remote  —  on  the  basis  of  their  camping 
patterns  over  the  preceding  5  years.  Those  who  had  camped  only  in  auto 
campgrounds  were  classed  as  easy-access  campers  (az  =  254).  Those  who  had 
camped  overnight  one  or  more  times  in  an  auto  campground  and  one  or 
more  times  in  a  roadless  area  were  classed  as  combination  campers  (n  =  424). 
Those  who  had  camped  only  in  roadless  areas  were  classed  as  remote  camp- 
ers (n  =  62).    Table  1  indicates  the  sample  source  of  these  three  groups. 


Table  1.  —  Number  and  percent  of  family  campers,  by  sample  source  and  camping  style 


Sample  source 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

Trail  registration 
Campground  interviews 
Auto  licenses 
Unidentifiable 

Number 

29' 
176 
48 

1 

Percent 

11.4 

69.3 

18.9 

.4 

Number 

341 

69 

12 

2 

Percent 

80.4 

16.3 

2.8 

.5 

Number 

61 
1^ 
0 
0 

Percent 

98.3 
1.7 

Number 

431 

246 

60 

3 

Percent 

58.24 

33.24 

8.11 

.41 

Total 

254 

100.0 

424 

100.0 

62 

100.0 

740 

100.00 

*  Close  examination  of  the  data  revealed  that  most  of  these  persons  had  erroneously  registered  as  overnight 
wilderness  campers  when  they  made  a  day  hiking  trip  into  the  wilderness  from  their  roadside  camp. 

^The  cause  of  this  anomaly  could  not  be  determined.  Cross-checking  of  the  questionnaire  items  led  to  the 
conclusion  that  this  respondent  was  clearly  a  remote  camper. 


We  were  surprised  to  discover  that,  though  58  percent  of  the  sample 
was  obtained  from  trail  registrations  of  overnight  wilderness  campers,  the 
total  sample  included  only  8.4  percent  who  were  remote-only  campers.  By 
contrast,  34.3  percent  were  easy-access-only  campers.  But,  in  the  sample, 
by  far  the  largest  number  combined  camping  styles.  The  percentage  distri- 
bution could  be  expected  to  shift  markedly  with  a  different  scheme  for 
obtaining  the  sample  (the  effects  of  the  unreliability  of  these  percentages 
are  nullified  in  the  analyses  by  the  statistical  test  used),  but  the  point 
demonstrated  is  that  most  persons  who  camp  in  wilderness  areas  also  some- 
times camp  in  roadside  camps.  Conversely,  many  persons  who  were  con- 
tacted in  roadside  campgrounds  sometimes  camp  in  roadless  areas.  Both 
remote-only  and  easy-access-only  campers  were  in  the  minority  among  the 
campers  sampled;  a  majority  did  both.  It  would  be  interesting  to  explore 
this  further  among  campers  contacted  near  the  coast  or  further  from  the 
immediate  vicinity  of  a  back-country  area. 

In  general,  the  sample  represents  campers  residing  in  Oregon.  In  this 
sample,  87.5  percent  of  combination  campers,  95.1  percent  of  remote  camp- 
ers, and  87.6  percent  of  the  easy-access  campers  resided  in  the  State  at 
the  time  they  completed  the  questionnaire.  This  allowed  defensible  com- 
parisons of  the  sample  with  the  census  characteristics  of  the  State's  gen- 
eral population. 

A  brief  explanation  of  the  method  of  statistical  analysis  and  its  inter- 
pretation is  sketched  for  those  who  are  unfamiliar  with  the  technique  used.^ 
The  chi-square  method  was  used  to  test  whether  or  not  the  observed 
departures  of  frequencies  between  independent  sample  gtoups  were  signifi- 
cantly different  from  those  frequencies  exactly  proportionate  to  the  total 
number  in  the  studied  categories  and  sample  groups.  In  this  study,  a  dif- 
ference was  considered  significant  or  real  if  as  large  or  larger  departures 
from  the  exp)€cted  numbers  could  have  occurred  from  chance  sampling 
fluctuations  not  more  than  5  percent  of  the  time  (0.05  significance  level). 

Only  if  a  significant  difference  occurred  could  the  sample  groups  be 
inteipreted  as  different  from  one  another  on  the  items  compared.  This 
method  of  analysis  and  interpretation  avoids  the  error  of  overlooking  the 
effect  of  sample  size  upon  the  reliability  of  the  percentages  that  could  be 
calculated  for  sample  groups. 

The  difference  of  actual  from  expected  proportionate  frequency  that 
occurred  in  each  cell  contributed  some  quantity  to  the  total  chi-square  for 
the  overall  comparison.  If  the  total  chi-square  indicated  significance  be- 
tween groups  (via  tabled  values  of  specific  probabilities  of  significamce  for 
data  tables  of  specific  sizes),  cell  contributions  were  interpreted  as  indi- 
cators of  the  specific  categories  in  which  each  sample  group  was  most 
likely  to  be  different  from  the  other  group  or  groups. 

The  preceding  discussion  of  the  study  areas  and  the  research  pro- 
cedures provides  a  basis  for  evaluating  the  following  sections.  When  relevant 
census  data  are  available,  the  total  sample  of  family  campers  is  compared 
with  the  general  State  population,  and  then  the  three  styles  of  camping 
are  compared  with  one  another.  Information  on  the  size  of  camping  families, 
the  ages  of  children,  and  the  ages  of  parents  is  presented  first. 


'For  a  fuller  discussion  of  the  use  of  chi-square  see  "Nonparametric  Statistics  for 
the  Behavioral  Sciences,"  by  Sidney  Siegel  (New  York:  McGraw-Hill  Book  Co.,  1956), 
pp.  104-111  and  175-179,  or  any  standard  intermediate  statistics  book. 


Family  size  and 

ages  of  children  and  parents 

It  is  generally  assumed  that  camping  is  a  family  activity,  but  there  has 
been  little  factual  evidence  about  what  types  of  families  camp.  Nor  has 
there  been  much  information  about  importance  of  family  size  and  ages  of  chil- 
dren and  parents  in  shaping  their  particular  style  of  camping.  This  section  pro- 
vides some  preliminary  answers  to  these  questions. 

The  data  in  table  2  reveal  that  the  sample  camping  families  have  a  signifi- 
cantly different  distribution  of  number  of  children  in  a  family  than  does  Oregon's 
censused  population.  Among  the  campers  were  fewer  childless  families  (chi- 
square  contribution:  10.14)  and  more  families  with  two  or  three  children  (chi- 
square  contribution:  12.47). 

Between  sample  groups  following  different  camping  styles,  there  were  no 
significant  differences  in  number  of  children  in  a  family. 

This  suggests  that,  though  presence  or  absence  of  children  may  be  an 
important  factor  in  encouraging  a  family  to  camp,  it  is  a  relatively  unimportant 
factor  in  encouraging  a  family  to  select  a  particular  camping  style.  In  short, 
here  is  some  evidence  that  children  are  associated  with  the  selection  of  camp- 
ing as  a  family  activity;  however,  the  number  of  children  in  a  family  has  little 
influence  upon  a  family's  style  of  camping. 

The  data  indicate  neither  whether  children  in  a  family  were  always  taken 
camping  nor  what  the  basis  for  the  association  might  be.  Consequently,  at  this 
point,  findings  must  be  interpreted  cautiously  —  for  example,  the  data  do  not 
indicate  that  parents  camped  to  get  their  children  into  the  forest  for  education 
or  that  the  expense  of  children  left  them  too  poor  to  afford  better  accommoda- 
tions. 

Though  family  size  may  not  be  an  important  shaper  of  camping  style,  the 
data  in  tables  3  and  4  suggest  that  the  relative  age  of  the  children  may  be  a 
very  influential  factor.  These  tables  show  significant  associations  between  the 
ages  of  campers'  children  and  variations  in  camping  style  (chi-squares:  20.34 
and  30.75  with  10  degrees  of  freedom).  The  information  for  both  the  young- 
est and  oldest  child  indicates  that  combination  (and  perhaps  remote)  campers 
are  overrepresented  and  easy-access  campers  underrepresented  among  those 
campers  with  children  in  the  1-  to  4-year-age  range.  It  appears  that  parents 
who  have  children  between  1  and  4  years  old  are  more  likely  to  be  back-country 
campers,  at  least  part  of  the  time,  rather  than  easy-access  campers  exclusively. 
The  reverse  seems  true  for  campers  with  5-  to  14-year-old  children.  These  camp- 
ers are  more  likely  to  be  easy-access  campers  than  remote  campers.  Remote 
campers  are  overrepresented  among  families  with  children  over  age  21  and 
among  those  with  no  children. 

A  hypothesis  suggested  by  the  data  is  as  follows:  Campers  without  chil- 
dren are  most  likely  to  be  remote  campers.  As  families  begin  to  rear  children, 
they  are  likely  to  modify  their  camping  style  to  do  both  back-country  and  road- 
side camping.  During  the  period  when  their  children  are  between  5  and  14  years 
old,  families  are  most  likely  to  do  only  roadside  camping,  but  as  their  children 
mature  and  leave  home,  the  parents  again  seek  out  remote-only  camping  exper- 
iences. 

This  is  not  to  suggest  that  families  with  particular  ages  of  children  do  not 
participate  in  one  or  another  camping  style.  Each  camping  style  attracts  fami- 
lies within  each  category  of  children's  ages  and  number  of  children.  Nonethe- 
less, evidence  has  been  presented  that  tendencies  exist  for  camping  activities  to 
be  associated  with  these  factors. 
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Table  3.  —  Number  of  families  expected  and  actually  observed,  by  style  of  camping 

and  age  of  youngest  child 


Age  of 

youngest  child 

(years) 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

1-4 
5-9 
10-14 
15-20 

21  and  over 
No  children 

Number 
observed 

49 

68 

51 

24 

19 

31 

Number 
expected 

66' 
58 
44 
23 
17 
34 

Number 
observed 

126 
96 
70 
40 
23 
56 

Number 
expected 

112 
99 
75 
40 
28 
57 

Number 
observed 

18 

6 

8 

4 

7 
11 

Number 
expected 

15 

13' 

10 

5 

4' 

7' 

Number 
observed 

193 
170 
129 

68 

49 

98 

Percent 
observed 

27.3 
24.0 
18.3 

9.6 

6.9 
13.9 

Total  responding 

242 

242 

411 

411 

54 

54 

707 

100.0 

No  response 

12 

— 

12 

— 

8 

— 

32 

— 

Total  questioned 

254 

— 

423' 

— 

62 

— 

739 

— 

Note:  Chi-square  =  20.34,  10  degrees  of  freedom,  0.05  >  p>  0.02. 

'  Cell  contributed  2. 00  or  more  to  total  chi-square. 

^One  returned  questionnaire  was  missing  the  relevant  page. 

Table  4.  —  Number  of  families  expected  and  actually  observed,  by  style, 
of  camping  and  age  of  oldest  child 


Age  of 

oldest  child 

(years) 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Percent 
observed 

1-4 

10 

24' 

52 

41' 

8 

5 

70 

9.9 

5-9 

36 

35 

61 

59 

5 

8 

102 

14.5 

10-14 

72 

58' 

92 

99 

6 

13' 

170 

24.0 

15-20 

55 

58 

104 

99 

11 

13 

170 

24.0 

21  and  over 

38 

33 

46 

56 

13 

8' 

97 

13.7 

No  children 

31 

34 

56 

57 

11 

7' 

98 

13.9 

Total  responding 

242 

242 

411 

411 

54 

54 

707 

100.0 

No  response 

12 

— 

12 

— 

8 

— 

32 

— 

Total  questioned 

254 

— 

423' 

— 

62 

— 

739 

— 

Note:  Chi-square  =  30. 75,  10  degrees  of  freedom,  0.001  >  p 

'  Cell  contributed  2. 00  or  more  to  total  chi-square. 

^One  returned  questionnaire  was  missing  the  relevant  page. 
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The  age  distributions  of  the  husbands  and  wives  also  reveal  some 
interesting  patterns.  As  table  5  indicates,  married  males  aged  65  or  over 
are  most  underrepresented  in  the  sample  of  campers,  compared  with  the 
Oregon  population.  Only  slightly  more  than  4  percent  of  the  campers  are 
65  or  over,  though  nearly  14  percent  of  the  State's  married  males  are  in 
this  age  bracket.  Married  males  in  the  age  range  30  to  44  are  most  over- 
represented  in  the  sample  of  campers.  About  50  p>ercent  of  the  married 
male  campers  are  in  this  age  range,  compared  to  only  about  34  percent  of 
the  State's  married  male  population. 

The  distribution  of  the  wives'  ages  (table  6)  is  similar  to  that  of 
their  husbands',  though  the  trend  is  for  the  wives  to  be  slightly  younger 
than  their  husbands,  as  exp)ected.  Married  females  are  overrepresented  in 
the  sample  of  campers  in  the  age  range  26  to  44  and  most  underrepresented 
in  the  ages  45  and  over,  compared  with  the  Oregon  population  of  married 
females. 

Further,  when  we  compare  parents  by  the  different  camping  styles, 
we  find  that  age  is  significantly  associated  with  a  particular  camping  style. 
Campers  aged  65  or  over  are  overrepresented  and  campers  in  the  ages  under 
30  are  underrepresented  in  the  easy-access  camper  group.  Campers  aged 
25  or  under  tend  to  be  overrepresented  and  those  in  the  ages  65  or  above 
underrepresented  in  the  combination  camper  group.  Married  males  aged  65 
or  over  are  underrepresented  among  the  remote  campers;  however,  of  most 
interest  is  the  evidence  that  married  males  aged  45  to  64  are  overrepresented. 

In  general,  it  appears  that  more  middle-aged  persons  (ages  26  to  44) 
go  camping  in  the  mountains  of  Oregon  than  is  to  be  expected  from  the 
age  distribution  in  the  entire  Oregon  population.  Conversely,  persons  over 
65  do  not  occur  in  the  camping  population  as  often  as  in  the  general  State 
population.  This  pattern  may  reflect  the  apparently  obvious  —  persons 
advanced  in  age  do  not  participate  as  much  as  younger  persons  in  more 
vigorous  activities.  Such  a  pattern  is  further  evidenced  in  the  greater 
tendency  for  campers  aged  65  or  over  to  be  easy-access  campers.  Not  to 
be  overlooked,  however,  are  the  data  showing  that  some  of  the  campers 
aged  65  or  over  still  camped  in  back-country  areas  some  of  the  time,  and 
two  married  female  campers  aged  65  or  over  camped  only  in  remote  areas. 

The  data  suggests  an  interesting  question:  Why  are  middle-aged  per- 
sons overrepresented,  compared  with  the  State  population,  rather  than 
young  married  persons?  Contrary  to  common  expectations,  the  younger 
married  persons  seem  likely  to  be  underrepresented.  The  answer  to  this 
question  may  be  related  to  the  preceding  data  on  the  number  of  children 
that  campers  had:  Persons  with  no  children  are  proportionately  under- 
represented  among  campers,  and  younger  married  persons  are  more  likely 
to  have  no  children. 

Among  the  campers,  persons  under  age  30  were  not  as  likely  to  be 
easy-access  campers  as  they  were  to  be  combination  or  remote  campers. 
More  surprising  was  the  finding  that  more  campers  than  proportionately 
expected  between  the  ages  of  45  and  64  camped  only  in  remote  areas.  It 
appears  that  the  style  of  camping  that  one  adopts  is  not  a  simple  linear 
function  of  age  upon  the  degree  of  rigor  inherent  in  particular  camping 
styles.  But  the  number  and  ages  of  campers'  children,  if  any,  are  related 
to  choice  of  camping  style,  as  are  other  variables  yet  to  be  discussed. 
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Present  place  of  residence,  childhood 
residence,  and  childhood  experiences  in  nature 

The  preceding  discussion  indicated  that  the  patterns  of  age  and  family 
size  associated  with  a  particular  camping  style  are  considerably  more 
complex  than  anticipated.  Some  other  favorite  theories  of  recreation  be- 
havior are  also  confounded  when  confronted  with  the  empirical  complexities. 
Two  prevailing,  though  somewhat  contradictory,  theories  have  been 
used  to  explain  why  people  participate  in  given  forms  of  recreation  behavior. 
These  might  be  called,  for  lack  of  better  terms,  the  "familiarity"  theory 
and  the  "new  experience"  theory.  The  former  assumes  that  people  seek 
out  leisure  experiences  which  are  similar  to  their  everyday  life;  the  latter 
assumes  that  in  their  leisure  choices  people  attempt  to  escape  their  every- 
day lives  via  sharply  contrasting  and  new  experiences.  The  familiarity 
theory,  for  example,  would  predict  that  rural  residents  would  be  more 
Hkely  to  spend  their  leisure  time  in  rural  sports  such  as  hunting  and  camp- 
ing. On  the  other  hand,  the  new  experience  theory  would  predict  that 
rural  residents  would  attempt  escaping  to  urban  "sports"  such  as  shopping 
or  the  movies.  However,  neither  theory  considers  the  effect  of  childhood 
experiences  upon  present  behavior. 

Perhaps  an  important  element  in  motivating  urban  residents  to  seek 
camping  in  their  free  time  would  be  the  experiences  they  had  in  childhood 
—  those  who  now  live  in  the  city  but  grew  up  in  rural  areas  would  be  the 
most  likely  candidates  for  camping.  Another  factor  that  might  be  important 
is  the  kind  of  camping  experiences  a  person  had  in  his  early  years,  par- 
ticularly the  age  when  close  contact  was  first  made  with  natural  outdoor  set- 
tings. Also,  perhaps  the  earlier  and  the  more  intense  the  contact  with 
nature,  the  more  likely  the  present  urbanite  would  seek  the  pleasures  of 
the  forests  and  mountains.    These  ideas  were  tested  with  the  study  data. 

Table  7  indicates  that  rural  residents  have  little  interest  in  spending 
their  leisure  time  in  forest  camping.  Almost  34  percent  of  Oregon  residents 
live  in  rural  areas,  yet  only  about  8  percent  of  the  sample  of  campers  live 
in  rural  places.  The  distribution  suggests  that  city  dwellers  are  more  likely 
to  be  forest  campers  than  are  rural  residents.  But  the  data  also  suggests 
that  suburbanites  are  underrepresented  among  campers. 

Although  fewer  rural  residents  go  camping,  those  who  do  are  over- 
represented  among  the  remote  campers.  But  small-town  residents  who 
occurred  in  the  sample  were  overrepresented  among  the  easy-access  campers, 
as  were  the  suburbanites  in  the  sample.  Suburban  areas  and  small  towns 
might  be  considered  similar  living  environments;  thus,  a  similar  relation- 
ship to  style  of  camping  seems  reasonable.  But  what  is  the  difference 
between  small- town  living  and  rural  living  that  might  be  associated  with 
the  tendency  to  choose  opposite  camping  styles?  An  answer  is  not  immedi- 
ately apparent.  Campers  from  small  or  large  cities  were  as  likely  to  choose 
one  camping  style  as  another. 

Table  8  indicates  that  almost  56  percent  of  the  husbands  spent  their 
early  years  in  a  rural  setting  or  small  town.  Table  9  indicates  that  almost 
51  percent  of  the  wives  spent  their  formative  years  in  a  rural  setting  or 
small  town.    Table   10  indicates  that  almost  43   percent  of  the  camping 


13 


---  c 
c  o 
o     ■*= 

?    3 

Q    % 

Q 


c 
"a 
E 

cs 
O 


o 

I- 


a> 


CC 


c 
o 

CO 

c 

E 
o 
o 


u 
u 

>• 
LU 


*°  s;  o 

S  S^  = 

O  S  0) 

<U  O  »- 
N 

c73 


CD  05 


C7) 

1^ 


o 

CC 

in 

3  a 


^--0 

-I 


j'/Bf!    r-.ohoo.ci1    .viotoibs'tinoD   :^firiy/9fnop.  [hiiod 


l3d^ 


^  O 


it: 


li^l  oq^^'io  olglqawttXi  ei<^oq  rtO->:s 


olt/fjv.'   ?!.vav>! 


3  Q. 


^rirvri;;;! 


n  n-)UH  ;-^l;on>  avun  m 


loerit   oOi'foiioqxe   wo 


1  3fi] 
53  Sir 

grilior 


^ 


—  o 


L'luow  ?.B3iK  isiui  ni  qu  v/o'r^  lud  v 


i^ii 


o  « 

JU   ^-i 

Eu 
0) 

3  a 
Z  X 


..•'-:?j?o  Iir!5!>sri:  dgv,'  ab^n  .J-^i^gBW  .Joi.tnffi)  oJof'Jlnod 
•).sino'.)  od.)   oanojni   oTom   orii   bn.B 
fc;6oiu  ori.>  X00f>   hiuu''^  '^-^Jru\c'-<i;   Jn- 


Eg 
•^  o. 


.^Lu:io   o^i    dj 


o 


CO 
00 


CM    • 
CD 

;:.TT>;-!Ov 


CN    ■ 


JQ  ♦-'- 


E 

3 

a 

P' 

X 

(U 

^ 

73 

OX 

> 

E 

0) 

1 

<fi 

z 

o 

.jGirf  0"':;. 

C35 


^H 


T-  CO  ■  CO 


nr>   ob   oriv/  ofcodj    .ynmmBo  os  aJnabiso-i 


llf^K   b:-)^  SB0lgfif^d-lgdo8   p5,olqiii^-; 

\ri  ";5:Iixrns  .«  ,aij;i:t   r^-'jasrnaoiivno  gr. 


'•SiTJXII'J.  JOID«>    .tu 


/fXlt.^ 


I.         03 

,. 

o 

o 

■    :S: 

o 

o 

E 

c  O 

o 

c 

§° 

>o~ 

>  o 

n: 

o  Ln 

.t;  ID 

o 

*'"'     T— 

o  ^ 

'^o 

15  o 

—  o 

=  o 

%^ 

2  o 
DC  Z. 

c  9. 
c/5  3 

03   O 

c^i£ 

>-  o 

LD  .t: 

t:  —   oi 
cn  —  o 


o 
o 


oodr 


,'d:r>'ii'!. 

CO 

liafF^ri 


■rcj    !)i 


■/loro";;; 
vj  ylq 
ro77    ,0 


n:i 


an 


)h  odt 


oiFfGe 


■:  u\  or 


CM 


CO 


-^iJO^lb 
[(i-V  b 
joiAq!: 
obffuo' 


ot 


'1   .lloll. 


v/   ^•.'). 


bii'sri 


•JO'-'OW 


;od;o 

OV7^  a) 


3dr  art 


7  •;;.:;!.. 
.'  •  cv  . 


luifiloi 


\ — ■rtrr- 
O  ^   Biq 

?.o.TTaB 
irni«   0010 


'iO- 


.22 

'Si 


c 
'c 


H9891*! 


gnjbooM'Ki  ori 


fiiooa? 
Had;  !■ 
ffr.o  o>. 


fiilbr/o 


:a 


dv/jaftlqxo  o:Q.ioai; 
figira  ^oriT 
a"  bdSbfiB 


■;  oo 


won 


cd'ioa 


CM 


?fti 


-■'' ID 


f^M 


■o 
c 
o 
a 


.1 


0\ 


A  .■ 


t;r'-?A> 


'^.o'/itl.vsb 

3, 


i  -j>lf 


n 


d JS  rrOoQ  .'.^ni 

I''^  'I 


iC, 


*r,o 


i^ 


■^^ 


j£0 


ci.  ex's? 
S  5 


mi.' 


O    O' 


On 


S-S-rf 


^   Si 


-Si 


-Q 


3 
-Q 


—.      r—       ^^        V  i. 


-r-    o    ;?    ::: 


1-.  a    ^    ^ 


14 


Table  S. 


Nunib^r,pif.|iu?bands  expected  a>vd  observed,  by  kind,9tl)9mp,'Community  ( 


Kind  of  home 

community 

before  age  18 

eiy^s  priiqmB'J     Camping  style                                     ._^_^^  ^^ 

Easy  access 

Combination 

Remote-  \--::3 

Total 

b9^^9?do  {  b9\'-- 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Percent 
observed 

Rural          '        r  f 

71       ^) 

^         77 

134 

130     ' 

h    > 

19 

226 

30.9 

Small  town 

66 

62 

106 

1 

04 

;9 

15       - 

181 

24.8 

Small  city 

50 

51 

84    - 

86 

1 

12      ^! 

M9 

20.4 

Latge'xity            d 

>       49      ^ 

45 

69 

77      ' 

1 

5     ^^■ 

11      ''■ 

|33"-: 

'   '■  18.2 

Suburban 

13       r 

J         14 

28 

24 

1          ;., 

;       4     ;u 

42 

5.7 

Total  responding 

249 

249 

421 

421  . 

61 

61       „ 

731 

100.0 

No  response 

5 

— 

.   3 

— 

1 

— 

9 

Total  questioned 

254 

424 

: 

. 

— —  , 

,\s\v\-,'y:;'\\ 

i  i  -.'y.iTr)\j  ("i 

,       740 

■,y-\iVr~\',/ 

Note:  Chi-sqiiare  = 
Table  9 


9. 93,  8  degrees  uf  freedom,  0.30>p>  0. 20.  '    '        '  >  ^  >     ■  >  -, , 

—  Number  of  wives  expected  and  observed,  by  kind  of  home  community 
'^'  ■  '^  '  V         before  age  18  and  by  camping  style  '•' 


Kind  of  home 
community 
before  age  18 


■jfuarn; 


Camping  style 


Easy  access 


Combination  , 


Remote, 


Total 


'~;3v~13;do  I  b9V"'i 
Rural  i        f. 

Small  town 

Small  city 

Large  city 

Suburban 


Number 
observed 

55 

66 

51  ;: 

52 
19    ■"'■ 


Number 
expected 

57 

66 

49 

56 

"""15 


Number 
observed 

100 

116 

79 
101  , 

23 


Number 
expected 

98 

115 

84 

97 

25 


Number 
observed 

14 

15 

1.4 


¥ 


Number 
expected 

14 
16 

n 

14 
"3 


Number 
observed 

169 

197 

144 

167 

"43     " 


Percent 
observed 

23.5 

27.3 

20.0 

..?3,2.. 

6.0  " 


Total  responding 


243 


243 


419 


419 


58 


58 


720 


100.0 


No  response 


11 


20 


Total  questioned 


254 


424 


62 


740 


Note:  Chi-square  =  4.38,  8  degrees  of  freedom,  0.90  >  p  >  0.80,  >-^W--\W  '.u\c.\  m\  •,%.,',<■.•■>■, 


\>^'V'  '  :■   !\'.l 
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Table  10.  —  Number  of  husbands  expected  and  observed,  by  residence  location  shifts 
from  childhood  to  present  time,  and  by  camping  style 


Shift  of  resi- 
dence location 

Campii 

ig  style 

Easy  access 

Combination 

Remote 

Total 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Percent 
observed 

Rural  to  urban' 

97 

106 

194 

179 

20 

26 

311 

42.8 

Urban  to  rural 

12 

13 

22 

21 

3 

3 

37 

5.1 

Rural  to  rural 

40 

33 

46 

55 

10 

8 

96 

13.2 

Urban  to  urban 

99 

96 

156 

163 

28 

24 

282 

38.9 

Total 

248 

248 

418 

418 

61 

61 

727 

100.0 

No  response 

6 

— 

6 

— 

1 

— 

13 

— 

Total  questioned 

254 

— 

424 

— 

62 

— 

740 

— 

Note:  Chi-square  =  8. 04,  6  degrees  of  freedom,  0.30  >  p>  0.20. 

'  "Rural''  includes  all  communities  5,000  population  or  less.  "Urban"  includes  all  communities  5,001 
population  or  more. 

lable  1 1.  —  Number  of  respondents  expected  and  observed,  by  age  of 
first  enjoyment  of  out-of-doors  and  by  camping  style 


Age 
(years) 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

6  or  under 
7-12 
13-  18 
19  or  over 

Number 
observed 

101 

99 

8 

23 

r 

Number 
expected 

104 

105 
11 
11' 

Number 
observed 

192 

192 

25 

7 

Number 
expected 

188 

189 
19 
20' 

Number 
observed 

26 

29 

0 

4 

Number 
expected 

27 

26 

3 

3 

Number 
observed 

319 

320 

33 

34 

Percent 
observed 

45.2 

45.3 

4.7 

4.8 

Total  responding 

231 

231 

416 

416 

59 

59 

706 

100.0 

No  response 

23 

— 

8 

— 

3 

— 

34 

— 

Total  questioned 

254 

— 

424 

— 

62 

— 

740 



Note:  Chi-square  =  28.53,  6  degrees  of  freedom,  0.001  >  p. 
'  Cell  contribution  is  4.00  or  more  to  total  chi-square. 
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Table  12.  -  Number  of  husbands  expected  and  observed,  by  hiking  frequency 
with  parents  and  by  camping  style 


Hiking 

frequency 

with  parents 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

Never 

Occasionally 

Frequently 

Number 
observed 

121 
43 
15 

Number 
expected 

98' 

53 

28' 

Number 
observed 

183 

117 

64 

Number 
expected 

200 

109 
55 

Number 
observed 

21 
17 
12 

Number 
expected 

27 

15 

8 

Number 
observed 

325 

177 

91 

Percent 
observed 

54.8 
29.9 
15.3 

Total  usable 

179 

179 

364 

364 

50 

50 

593 

100.0 

Don't  know 
No  response^ 

6 
69 



5 
55 



1 
11 

— 

12 

135 

:: 

Total  questioned 

254 

-- 

424 

— 

62 

— 

740 

— 

Note:  Chi-square  =  20.42,  4  degrees  of  freedom,  0.001  >  p. 

'  Cell  contribution  is  4. 00  or  more  to  total  chi-square. 

A  large  proportion  of  the  "nonrespondents  "  did  complete  the  question,  for  an  "other"  category.  However, 
the  "other"  category  includes  too  many  varieties  of  outdoor  experience  to  be  useful  for  analytic  purposes. 

Table  13.  —  Number  of  husbands  expected  and  observed,  by  auto-camping  frequency 

with  parents  and  by  camping  style 


Auto-camping 

frequency 

with  parents 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Percent 
observed 

Never 

110 

92' 

152 

172 

23 

21 

285 

45.1 

Occasionally 

52 

70' 

147 

131 

17 

15 

216 

34.2 

Frequently 

42 

42 

83 

79 

6 

10 

131 

20.7 

Total  usable 

204 

204 

382 

382 

46 

46 

632 

100.0 

Don't  know 

5 

— 

5 

— 

0 

— 

10 

_  _ 

No  response^ 

45 

— 

37 

— 

16 

— 

98 

— 

Total  questioned 

254 

— 

424 

— 

62 

— 

740 

— 

Note:  Chi-square  -  14.69,  4  degrees  of  freedom,  0.01  >  p>  0.001. 
'  Cell  contribution  is  3. 00  or  more  to  total  chi-square. 
^ See  footnote  2,  Table  12. 


17 


liii 


yoa^jupo-s  ?  ijniyiifi  .yii,  ,DOTr;?do  ban 
^     nusbands  nave  moved  in 


i6?0 


percent 
__are  longtime  urban  residents^  Though  a  majority  pj_„cam  may,  be  as- 

sumed to  have  experienced  contact  with  nature  early  in  life  by  their  living 
in  a  rural  setting  or  small  town,  childhood  residence  and  specific  campiiig 
styles  are  not  significantly  associated  with  one,  anothei-.    Othqr, ^childhood    , 
experiences  need  exploration.  ^   .....„.._™.».,.».1„._„ 

KisoisS   i-jsdfnul'!  nwf'^Table  11  indicates  that  about  90  percent  of  the  sample  of  campers 
b9v-s9«do  I  bS'/iSEdn  }^d' experienced  enjoyment  of  nature  by  the  time  they  were  12  years  old. 
I  ^hose  persons  that  did  not  begin  to  enjoy  the  out-of-doors  before  age  19 

were  most  likely  to  be  easy-acces^j^^.cam|>ersr.^nd  least  Ukely  to  be  C0DCi])i-    :; 
nation  campers.  ■  . 

\  When  we  (Consider  *^fe^hildhood  experience  of  hiking  or  !  auto  camping  '. 
ftvith  parents,  \ye  discover  another  significant^  association, , with!  camping  style^  ;• 
_j(  tables  12  and  113).  Persons  in  the  sample  with  childhood  hiking  experience  ; 
are  rnqre  likely, now  to  b,e  remote  or  combination  campers  rather  than  easy^  ■ 
Recess  campers.  Bu|  persons  in  the  saiT(ipje  with  childhpodjaut^  camping  ; 
Experience  are  not  rjow  more  likely  to  be  easy-access  campers  — ,  instead,  j 
Ithey  tend  to  be  combination  or  remote  campers,  ^he  easy-iiccess  campers  • 
are  most  likely;  to  b^  persons  without  eitjher  hiking  or  auto  champing  exper 
— lence  as  children  with  their  parents 


S.^d 


I    e.es 


s.oor 


d?c 


^s: 


re 


sr 


.•^^ysv/oW  :s\^ 


isro  i 


|j9V'i3<iu 


■3^ 


s.m: 


r' 


0^^       \        Therefore,  it  appears  that  reihbte  'campers  tend^l^  c^Mi^i^sig  \i^ 
patterns  learned" in  childhood."  Combira'tim"Cdffip^rin^~m6st "liK^ 
sons  who  are  continuing  childhood  patterns  or  who  have  shifteiji^  irbrn  a't 
childhood  auto  camping  pattern  to  a  rh6re  primitive  canfipifig  style.    Easy-  r 
"f  ^^^*(dcess' canipers  are  most  likely  to  be  petsdhs  MtJi  rtb  childhood  experience' 
in  hikmg,  camping,  or  other  enjoyment  of  the  out-of-doors. 
■rjwiiip'm  :^(!iu  ::   In  summary,  it  appears  that  people  neither  seeksoutleisuie-exfffefiences 
similar  to  their  present  everyday  activities,  nor  do  they  escape  to  activities 
~-  "in  sharp  contrast  with  their  everyday  lives.    Rather, -activijbies  pleasantly"] 

familiar  to  a  person  in  bis  childhood  tend  to  attract  his  leis\ire-time  atteil'^  ' 
jtion  as  an  adult.    Furthermore,  an  adult  with  previous  familiarity  with  the  ; 
put-of-ddo^Fs  apparently  '  prefers  rnofe  challenging  cainp^ng  experiences,  at  f 
~~— — -—"least-part  of  the  time,  than- does  the  person  new  to  the  out-of-doors."     — j 
ledrrtb  I  j  ;'-^^^^i]thoug:h  childhood  expediences  and  present  kind  of  home  community  \ 
are  associated  with  camping  style,  childhood  residence  location  does  not 
appear  to  be.    Apparently,  kind  of  childhood  community  is  not  sufficient 
cBS       evidence  of  early  contact  with  the  out-of-doors  for  leisure  activities.         -^^ 
i        Perhaps   the  present  camping   styles   reflect  atte^mpts  to   retaifti^Jth,^ 
qualities  of  experience  remembered  from  childhood  years.   If  so,  the  present 
children  of  easy-access  campers  may  very  likely  adopt  a  combination  of 
i'emote  camping  style  when  they  reach  adulthood.   The  new  experience  for 
their  parents  now  would  be  an  old  one  for  the  children  when  they  reach 
""adulthood.    Furth'er,  the  6ld  spot§"^§hared  with  their  patents  may  be  fillmg 
with  new  and  inexperienced  recruits  whose  presence  tends  to  diminish  the 
quality  of  experience  as  remembered.  ^i^       |        s9o^oq^^]  ol/l 

_4-       The  pattern  suggested  by  these  data  is  the  flow  of  new  and  less  experi=_ 
bnced  campers  into   the  easy-access  areas   with   the   "old   hands"   feeling!' 
,».jbrowded  and  moving  on  to  more,  challenging  camping  experiences.   If  such— 
a  pattern  holds,  then  recreational  planners  may  wish  to  insure  that  there 
are   always   ample   primitive   and   near-primitive   camping   areas   available 
for  the  fo liner  easy-access  campers.  .1\  vAdviT  ,1  i^uivuvo\so(t 


Oi^'' 
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Family  income,  vacation  time, 
educational  attainment,  and  occupation 

In  addition  to  age,  place  of  residence,  and  childhood  experiences,  it 
has  often  been  assumed  that  family  income  and  the  husband's  occu- 
pation and  educational  attainment  are  important  factors  in  shaping  one's 
leisure  decisions.  For  example  opponents  of  wilderness  reservations  argue 
that  such  resen/es  are  unfair  because  only  those  people  who  have  consider- 
able time  and /or  money  can  attempt  a  wilderness  trip. 

Our  sample  of  forest  campers  indicates  that,  similar  to  Robert  Lucas'' 
study  of  Minnesota  campers,  those  families  who  camp  tend  to  have  higher 
incomes  than  the  general  population  (chi-square  =  297,  4  degrees  of  free- 
dom, 0.001  >  p).  As  table  14  indicates,  about  69  percent  of  the  campers 
sampled  in  our  study  have  incomes  between  $6,000  and  $14,999,  whereas 
only  about  44  percent  of  the  State  families  have  an  income  in  this  high 
a  range.  Of  interest  is  the  great  similarity  in  income  among  the  three 
camping  styles;  when  compared  to  one  another,  the  income  distributions 
of  the  camping  styles  indicate  no  statistically  significant  difference.  In 
short,  remote,  combination,  and  easy-access  campers  are  about  equally 
wealthy,  that  is,  wilderness  campers  are  not  disproportionately  more  wealthy 
than  roadside  campers. 

Closely  associated  with  a  family's  level  of  income  is  the  amount  of 
vacation  time  available  for  the  head  of  the  household.  We  often  hear  that 
wilderness  trips  require  more  vacation  time,  a  requirement  which  curtails 
the  wilderness  opportunity  for  much  of  the  American  population.  However, 
table  15  indicates  that  campers  with  less  than  1  week  of  vacation  time 
are  overrepresented  among  remote  campers,  and  those  with  3  weeks  of 
vacation  time  are  underrepresented.  Campers  with  4  or  more  weeks  for 
vacation  are  as  likely  to  be  easy-access  or  combination  campers  as  they 
are  to  be  remote  campers.  In  terms  of  absolute  numbers,  campers  in  the 
sample  were  most  likely  to  have  2  weeks  of  vacation  time,  but  those  with 
2  weeks  of  time  were  as  likely  to  be  easy-access  as  they  were  to  be 
remote  campers.  In  short,  it  seems  that  a  shorter  vacation  time  is  not 
noticeably  inhibitory  for  those  who  desire  a  wilderness  trip,  and  remote 
campers  are  less,  not  more,  likely  to  be  persons  with  more  vacation  time. 

It  also  appears  that  forest  campers  generally  have  a  high  level  of 
educational  attainment.  As  table  16  indicates,  campers'  educational  levels 
are  well  above  those  of  the  general  State  population.  Thirty-one  percent 
of  the  male  campers  have  completed  13  to  16  years  of  schooling,  whereas 
only  about  16  percent  of  the  State's  population  has  attained  such  a  level. 
Almost  27  percent  of  the  camper  husbands  have  had  post  graduate  work, 
compared  with  only  about  5  percent  of  the  State  male  adults.  Comparisons 
of  the  educational  attainment  of  the  three  camping  styles  suggest  that  com- 
bination campers  have  the  highest  educational  attainments  and  easy-access 
campers  the  lowest. 


■Lucas,  Robert  C.  Recreational  use  of  the  Quctico-Superior  Area.   Lake  States  Exp. 
Sta.,  U.S.  Forest  Serv.  Res.  Pap.  LS-8.  50  pp.,  illus.   1964. 
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Table  15.  —  Number  of  sample  families  observed  and  expected,  by  length 

of  vacation  and  style  of  camping 


Vacation  length 
(weeks) 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Percent 
observed 

Less  than  1 

6 

8 

11 

13 

6 

2' 

23 

3.2 

1 

26 

23 

40 

40 

3 

6 

69 

9.5 

2 

111 

109 

176 

184 

32 

26 

319 

43.9 

3 

59 

62 

112 

103 

9 

15' 

180 

24.7 

4  or  more 

47 

47 

79 

78 

10 

11 

136 

18.7 

Total  usable 

249 

249 

418 

418 

60 

60 

727 

100.0 

Other 

3 

— 

3 

— 

— 

— 

6 

— 

No  response 

2 

— 

3 

— 

2 

— 

7 

— 

Total  questioned 

254 

— 

424 

62 

— 

740 

— 

Average  time  (weeks) 

2.44 

— 

2.50 

2.23 

— 

— 

— 

Note:  Chi-square  =  15. 90,  8  degrees  of  freedom,  U.05>  p>  0. 02. 
^  Cell  contribution  is  2. 00  or  more  to  total  chi-square. 


Closely  associated  with  one's  education  is  his  occupational  status;  the 
higher  the  educational  level,  the  more  likely  one  is  a  professional  or  tech- 
nical w^orker.  Table  17  indicates  that  campers  come  from  all  occupational 
groupings,  but  they  are  more  likely  to  be  professional,  technical,  clerical, 
and  sales  workers  and  less  likely  to  be  managers,  proprietors,  factory  oper- 
atives, laborers,  and  farmers.  We  can  speculate  that  managers,  proprietors, 
and  farmers  generally  have  little  leisure  time  that  permits  camping  and 
that  factory  workers  and  laborers  are  generally  not  attracted  to  camping 
as  a  leisure-time  activity. 

In  comparing  the  occupational  distributions  between  the  three  camp- 
ing styles,  v^e  find  that  campers  who  are  professional  and  technical  persons 
are  most  likely  to  be  combination  campers  and  least  likely  to  be  easy-access 
campers.  Campers  who  are  lower  manual  workers  are  most  likely  to  be 
among  easy-access  campers.  Campers  who  are  farmers  are  most  likely  to 
be  remote  campers,  a  finding  that  is  consistent  with  the  finding  discussed 
earlier  that  when  rural  people  do  camp,  they  are  overrepresented  among 
remote  campers.  There  is  a  general  pattern  of  high-status  occupations  being 
overrepresented  among  combination  campers  and  lower  status  occupations 
being  overrepresented  among  easy-access  campers.  Among  remote  campers, 
no  occupation  except  farming  is  proportionately  overrepresented. 
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Our  data  on  a  camper's  income,  vacation  time,  education,  and  occu- 
pation suggest  the  need  for  modification  of  some  widely  held  assumptions. 
Forest  campers  tend  to  overrepresent  the  higher  income  levels  when  they 
are  compared  with  the  State  income  distribution.  However,  there  is  no 
significant  difference  in  income  when  the  three  camping  styles  are  com- 
pared with  one  another.  Remote  campers  are  more  likely  to  have  less 
vacation  time  than  combination  or  easy-access  campers.  Forest  campers 
are  more  likely  to  have  greater  educational  attainment  than  expected  from 
the  State  figures,  but  combination  campers  are  most  likely  to  have  higher 
educational  attainment  than  persons  in  the  other  two  camping  styles.  Forest 
campers  are  more  likely  to  have  white  collar  or  skilled  labor  occupations 
than  blue  collar  or  unskilled  occupations,  with  the  latter  occupational  cate- 
gories being  considerably  underrepresented  in  forest  camping.  Further, 
significantly  more  of  the  combination  campers  are  likely  to  have  pro- 
fessional occupations  than  are  persons  in  the  other  two  camping  styles. 

In  total,  our  data  have  revealed  a  highly  complex  pattern  of  relation- 
ships between  social  characteristics  and  choice  of  camping  as  a  leisure- 
time  activity.  Several  commonly  expressed  assumptions  about  the  social 
characteristics  of  wilderness  campers  have  clearly  been  thrown  into  doubt 
by  the  data.  When  these  assumptions  have  held  for  back-country  campers, 
they  have  also  applied  to  roadside  campers.  The  data  suggest  that  road- 
side camping  and  wilderness  camping  are  complementary  activities.  A 
majority  of  persons  in  our  sample  did  both  during  the  previous  5  years. 
Also  suggested  is  the  strong  possibility  that  campers  tend  to  shift  from 
one  camping  style  to  another  during  their  life  cycle  and  that  today's 
younger  roadside  campers  are  likely  to  prefer  back-country  camping  later 
in  their  lives. 


Attitudes  toward  other  recreationists 
and  campsite  locations 


final  issue  of  importance  for  aiding  forest  recreation  planning  is  the 
opinion  response  that  different  camping  groups  had  about  certain  categories 
of  recreationist  and  the  location  of  campsites.  This  information  suggests 
the  necessity  for  planners  to  design  recreation  areas  to  keep  certain  in- 
compatible user  groups  separate. 

All  campers  were  asked,  "How  many  of  the  following,  in  groups  of 
one  or  more,  could  you  meet  or  pass  in  a  day  and  still  have  an  enjoyable 
experience?"  The  item  included  appropriate  spaces  for  recording  response 
to  hikers,  horsemen,  trail  scooters,  and  other  campers.  The  responses  to  this 
question  were  coded  as  follows:  If  the  respondent  indicated  that  he  desired 
to  meet  none  of  a  particular  category  of  recreationist,  he  was  considered 
unfavorable  toward  such  recreationists;  those  who  could  meet  one  to  five 
of  such  recreationists  were  considered  favorable  In  attitude;  those  who 
could  meet  six  or  more  were  considered  very  favorable;  and  those  who  indi- 
cated that  it  did  not  matter  were  counted  as  indifferent.  Table  18  includes 
only  the  attitudes  which  the  three  camping  groups  had  toward  hikers, 
horsemen,  and  trail-scooter  users. 
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Table  18.  -  Number  of  respondents  observed  and  expected,  by  camping  style  and  by  answers  to 
question  "How  many  of  the  following  could  you  meet  and  still  have  an  enjoyable  experience?" 


Opinion  about 

other 
recreationists 

Camping  style 

Easy  access 

Combination 

Remote 

Total 

About  hikers: 
Unfavorable 
Favorable 
Very  favorable 
Indifferent 

Number 
observed 

8 
16 
33 
19 

Number 
expected 

3' 
24 
38 
11' 

Number 
observed 

3 

62 

108 

21 

Number 
expected 

8' 
61 
98 
27 

Number 
observed 

1 

15 

9 

2 

Number 
expected 

1 

8' 

14 

4 

Number 
observed 

12 

93 

150 

42 

Percent 
observed 

4.0 
31.3 
50.5 
14.2 

Total  responding 

76 

76 

194 

194 

27 

27 

297 

100.0 

No  number 
indicated 

No  response 

137 
41 

— 

207 
22 

— 

34 

1 

— 

378 
64 

— 

Total  questioned 

254 

— 

423 

— 

62 

— 

739 

— 

About  horsemen: 
Unfavorable 
Favorable 
Very  favorable 
Indifferent 

28 
22 
23 
15 

20' 
35' 
24 

9' 

41 
96 
60 
15 

47 
85 
60 
20 

5 
14 
10 

2 

7 

12 

9 

3 

74 

132 

93 

32 

22.3 

39.9 

28.1 

9.7 

Total  responding 

88 

88 

212 

212 

31 

31 

331 

100.0 

No  number 
indicated 

No  response 

123 
43 

— 

191 
20 

— 

30 
1 

— 

344 
64 

— 

Total  questioned 

254 

— 

423 

— 

62 

739 

— 

About  trail  scooters: 

Unfavorable 

Favorable  or 
very  favorable^ 

Indifferent 

120 

15 
10 

127 

14 
4' 

311 

34 
5 

307 

33 
10 

51 

3 
1 

48 

5 
2 

482 

52 
16 

87.6 

9.5 
2.9 

Total  responding 

145 

145 

350 

350 

55 

55 

550 

100.0 

No  number 
indicated 

No  response 

67 
42 

— 

57 
16 

— 

7 

— 

131 

58 

Total  questioned 

254 

— 

423 

— 

62 

— 

739 

— 

Note:  "About  hikers'!  chi-square  =  31.88,  6  degrees  of  freedom,  0.001  >  p.  "About  horsemen"  chi-square  = 
16.86,  6  degrees  of  freedom,  0.01  >p>  0.001.  "About  trail  scooters"  chi-square  =  13.52,  4  degrees  of 
freedom,  0.01  >p>  0.001. 
'  Cell  contribution  is  3. 00  or  more  to  total  chi-square. 

^Only  five  respondents  were  very  favorable:  therefore,  the  "favorable" and  "very  favorable"  categories 
were  combined. 
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Most  respondents  were  favorable  or  very  favorable  in  attitude  toward 
meeting  hikers.  Those  that  were  unfavorable,  however,  were  most  likely 
to  be  easy-access  campers,  as  were  those  who  were  indifferent. 

Nearly  70  percent  of  the  respondents  were  also  favorable  or  very  favor- 
able in  attitude  toward  meeting  horsemen.  Again,  those  that  were  either 
unfavorable  or  indifferent  were  most  likely  to  be  easy-access  camj>ers. 

The  emphasis  changes,  however,  in  the  attitude  toward  trail  scooters 
(or  motorcycles).  Most  campers  in  each  camping  style  were  unfavorable 
toward  meeting  trail  scooters,  and  many  provided  valid  examples  of  why 
they  considered  such  mechanized  equipment  undesirable.  Again,  those 
who  expressed  indifference  were  most  likely  to  be  easy-access  campers. 
Another  likely  measure  of  indifference  is  the  category  "no  number  indi- 
cated." Judged  from  this  category,  campers  in  the  sample  were  considerably 
more  eager  to  express  an  opinion  about  trail  scooters  than  about  hikers 
or  horsemen. 

Although  all  three  groups  had  little  affection  for  trail  scooters,  many 
of  the  respondents  felt  there  should  be  some  provision  for  scooter  riders 
as  long  as  they  were  kept  separate  from  others.  Increased  awareness  of 
such  attitudes  of  recreational  groups  toward  one  another  should  permit 
recreational  resource  planners  and  managers  to  identify  sources  of  potential 
tension  and  to  minimize  them  by  appropriate  zoning. 

Also  of  interest  were  the  attitudes  of  the  camping  groups  toward  hav- 
ing campsites  close  or  far  away  from  others.  As  table  19  indicates,  the 
participants  in  the  three  camping  styles  differ  considerably  in  their  desires 
for  social  closeness  or  apartness.  The  more  primitive  one's  style  of  camp- 
ing, the  less  he  desires  sharing  the  camping  area  with  strangers.  Remote 
campers  apparently  go  camping  to  have  close  contact  with  members  in  their 
party  and  to  avoid  contact  with  other  parties,  whereas  many  easy-access 
campers  apparently  find  part  of  the  reward  in  camping  to  be  the  oppor- 
tunity for  meeting  new  people.  On  the  other  hand,  nearly  25  percent  of 
the  easy-access  campers  in  the  sample  preferred  a  campsite  far  away  from 
other  campsites.  These  variations  in  desires  for  social  contact  suggest  that 
spatial  arrangements  of  campsites  should  be  equally  varied  if  the  many 
tastes  in  camping  are  to  be  adequately  met. 

Concluding  discussion 


This  report  is  written  for  those  concerned  with  the  planning  and  man- 
agement of  wild-land  resources  for  recreational  areas.  Some  selected 
findings  from  a  camper  survey  made  on  the  Three  Sisters  and  Lake  of 
the  Woods  areas  in  Oregon  are  presented,  including  details  about  ages, 
family  size,  economic  position,  and  attitudes  of  the  participants  in  three 
different  camping  styles.  Many  of  the  findings  from  the  study  tend  to  con- 
found some  popular  speculative  assumptions.  Hopefully,  this  report  will 
stimulate  further  studies  that  will  add  greater  clarity  and  substance  to 
these  findings.  Meanwhile,  this  study  reveals  some  of  the  complexities  of 
an  important  segment  of  the  wild-land  recreational  public.  Such  knowledge 
underlines  the  need  to  meet  existing  human  diversity  with  variation  rather 
than  standardization  in  recreational  opportunities. 
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Table  19.  —  Number  of  respondents  observed  and  expected,  by  campsite 
preference  and  camping  style 


Campsite 
preference 

Campii 

ig  style 

Easy  access 

Combination 

Remote 

Total 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Number 
expected 

Number 
observed 

Percent 
observed 

Far  away 

49 

98' 

199 

161' 

38 

27' 

286 

46.8 

Near  a  few  others 

103 

69' 

91 

113' 

7 

19' 

201 

32.9 

Where  can  visit 
and  talk 

23 

15' 

16 

24 

4 

4 

43 

7.0 

Don't  care 

34 

27 

38 

46 

9 

8 

81 

13.3 

Total  usable 

209 

209 

344 

344 

58 

58 

611 

100.0 

More  than  one 
checked 

41 

__ 

75 

__ 

4 

__ 

120 

__ 

No  response 

4 

— 

5 

— 

0 

— 

9 

— 

Total  questioned 

254 

— 

424 

— 

62 

— 

740 

— 

Note:  Chi-square  -  76.82,  6  degrees  of  freedom,  0.001  >  p. 
'  Cell  contribution  is  3. 00  or  more  to  total  chi-square. 


Bibliography  of  associated  studies 


Burch,  William  R.,  Jr. 
1964.  Nature  as  symbol  and  expression  in  American  social  life:  A  sociological  explora- 
tion. 482  pp.  (Unpublished  PI1.D.  thesis  on  file  at  Univ.  Minn.) 


1964.  Two  concepts  for  guiding  recreation  management  decisions.  J,  Forest.  62:707- 
712,aius. 


4. 


1965.  The  play  world  of  camping:  research  into  the  social  meaning  of  outdoor  recreation. 
Amer.  J.  Sociol.  70:604-612. 


1966.  Wilderness  —  the  life  cycle  and  forest  recreational  choice.  J.  Forest.  64:606- 
610,  illus. 

Gregerson,  Hans  M. 
1962.  A  method  of  calibrating  unmanned  registration  station  data  to  measure  use  of  wil- 
derness-type areas.  101  pp.,  illus.  (Unpublished  M.S.  thesis  on  file  at  Univ.  Wash.) 

Wenger,  WUey  D.,  Jr. 
1964.  A  test  of  unmanned  registration  stations  on  wilderness  trails:  factors  influencing 
effectiveness.  U.S.  Forest  Serv.  Res.  Pap.  PNW-16,  48  pp.,  illus. 

and  Gregerson,  H.  M. 

1964.  The  effect  of  nonresponse  on  representativeness  of  wilderness-trail  register  infor- 
mation. U.S.  Forest  Serv.  Res.  Pap.  PNW-17,  20  pp.,  illus. 


27 


Appendix 

RELEVANT  EXCERPTS  FROM  THE  QUESTIONNAIRE 


Forest  Recreation  Census  —  1962  If  you  are  not  head  of  family 

check  here  and  return.  □ 

I.  CAMPING  PATTERNS 

1.    Please  give  the  number  and  kinds  of  camping  trips  you  have  made 
in  the  past  five  years. 

1962     1961     1960     1959     1958 

a.  How  many  trips  when  you 
camped  in  an  auto  camp- 

ground(s)?  

b.  How  many  trips  when  you 
camped  while  on  a  hiking 

or  pack  trip?  


2.    To  what  extent  did  your  parents  take  you  on  camping  trips? 

Don't 
Never        Occasionally    Frequently         Know 
Husband  (or  Father) 

a.  on  hiking  or  canoe  trip     □ 

b.  in  auto  campground  □ 

c.  other  (please  describe)     □ 


n 

n 

D 

D 

D 

D 

D 

D 

D 

Wife  (or  Mother) 

a.  on  hiking  or  canoe  trip  □ 

b.  in  auto  campground  □ 

c.  other  (please  describe)  □ 


D 

n 

D 

a 

D 

D 

D 

D 

D 
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3.    What  was  the  eariiest  age  at  which  you  remember  enjoying  the  out- 
of-doors?  (camping,  hiking,  etc.)     Where  was 

this?  (family  farm,  scout  camp,  vacant  lot,  etc.  —  please  describe) 


II.  CAMPING  ATTITUDES 


2.  How  many  of  the  following,  in  groups  of  one  or  more  could  you  meet 
or  pass  in  a  day  and  still  have  an  enjoyable  experience? 

Hikers ,  Horseback  Riders  , 

Trail  Scooters ,  Other  campers , 

3.  When  you  choose  a  campsite  do  you  most  prefer  one  .  .  . 

a.  Which  is  far  away  from  other  campers  

b.  With  a  few  other  campers  around 

c.  Where  one  can  visit  and  talk  with  other  campers  

d.  Don't  care  —  either  way 


III.  GENERAL  BACKGROUND  INFORMATION 


1.    Who  is  completing  this  form?  Husband  (or  Father) 
Wife  (or  mother)  ,  Both 


Ages  of  children  in  your  family: 
Girls  


Have  no  children  O 
Boys  


3.    Your  age ,  Spouse's  age 


4.    What  was  the  last  year  of  school  completed.    (Please  circle) 

College 


Elementary 

School  High  School 


Husband  8  (or  less) 

His  Father  8  (or  less) 

Wife  8  (or  less) 

Her  Father  8  (or  less) 


9   10   11  12  13  14  15  16  17  (or  more) 

9  10  11  12  13  14  15  16  17  (or  more) 

9  10  11  12  13  14  15  16  17  (or  more) 

9  10  11  12  13  14  15  16  17  (or  more) 
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5.  What  is  (or  was)  their  main  occupation  (what  kind  of  job  do  they 
do)? 

Husband  (or  Father)  

His  Father 

Wife  (or  Mother)  

Her  Father  

6.  Where  did  each  spend  most  of  hfe  before  age  18?    (Please  check 
the  appropriate  box  for  each  person.) 

Suburb — 
Small  town      Small  city       Large  city         within  15 
5,000  5,000-  50,000  miles  of 

Farm  or  less  50,000  or  more  large  city 

Husband  0  0  0  0  0 

His  Father  D  O  O  O  O 

Wife  O  O  D  D  O 

Her  Father  O  O  D  O  O 


Which  category  comes  closest  to  representing  your  total  family  in- 
come before  taxes?    (Please  check  most  appropriate  category.) 

a.  $3,000  or  under  O       b.  $3,001-$5,999       O       c.  $6,000-8,999  O 
d.  $9,000-11,999      O       e.  $12,000-14,999     O       f-  $15,000  or 

more  O 


12.    On  the  average, 
vacationing? 


in  recent  years,   how  many  week(s)  have  you  spent 
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The  FOREST  SERVICE  of  the 
U.  S.  DEPARTMENT  OF  AG- 
RICULTURE is  dedicated  to  the 
principle  of  multiple  use  manage- 
ment of  the  Nation's  forest  re- 
sources for  sustained  yields  of 
wood,  water,  forage,  wildlife,  and 
recreation.  Through  forestry  re- 
search, cooperation  with  the 
States  and  private  forest  owners, 
and  management  of  the  National 
Forests  and  National  Grasslands, 
it  strives  —  as  directed  by  Con- 
gress —  to  provide  increasingly 
greater  service  to  a  growing 
Nation. 
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Introduction 


The  Problem  and  Its  Setting 

One  problem  facing  forest  managers  in  the 
Pacific  Northwest  is  framed  by  the  question: 
How  shall  timber  be  cut,  not  only  to  produce 
wood  but  also  to  maintain  or  enhance  scenic 
beauty  or  the  esthetic  yield  of  the  timber  stand 
and  the  forest  landscape?  This  problem  arises 
because  timber  production  and  esthetic  yield 
sometimes  conflict.  It  is  an  important  problem 
because  policies  and  programs  of  timber  owners 
frequently  require  the  timberland  manager  to 
consider  both  economic  and  esthetic  yields 
where  conflicts  between  cutting  and  beauty 
occur.  Thus  far,  there  are  few  guides  to  help 
the  timberland  manager  choose  that  cutting 
method  which  best  combines  esthetic  and  eco- 
nomic yield. 


The  Douglas-fir  subregion  of  the  Pacific 
Northwest'  is  one  area  where  this  problem 
occurs.  About  8  million  acres  of  commercial 
forest  land  in  this  subregion  are  stocked  with 
stands  100  years  old  and  older.  These  stands 
contain  the  larger  trees  generally  considered 
to  be  more  desirable  from  an  esthetic  point 
of  view.  Over  1.8  million  acres  are  in  stands 
300  years  old  and  older  (fig.  1).  About  half 
of  this  acreage  is  on  National  Forests  with  the 
balance  split  mainly  between  large  private 
owners  and  other  Federal  ownerships  lU.  S. 
Forest    Service    1963).' 

In  addition  to  367  billion  board  feet.  Inter- 
national 1/4-inch  rule,'  of  Douglas-fir  sawtim- 
ber,  the  Douglas-fir  subregion  contains  many 
scenic  attractions  (figs.  2  and  3i  and  hundreds 
of  miles  of  highways  and  roads  serving  the 
traveler  to  and  through  the  forests  (fig.  4). 
The  timber  of  the  Douglas-fir  subregion  thus 
has  utility,  not  only  for  wood  products  but  also 
as  a  scenic  backdrop  for  recreation  and  other 
activities.  Harvesting  the  timber  for  its  wood 
products  may  mean  forgoing  the  harvest  of 
scenic   values. 


>  This  is  generally  regarded  as  that  timberland  west  of 
the  Cascade  Range  in  Oregon  and  Washington.  Approxi- 
mately 55  percent  of  the  volume  of  softwood  trees  11.0 
inches  d.b.h.  and  larger  in  this  subregion  is  in  the  Douglas- 
fir   species. 


-   Names   and  dates  in  parentheses  refer  to  Literature  Cited, 
p.  33. 

•*   Unless    otherwise    mentioned,    board-foot    volumes    are    in 
terms   of   Scribner   rule. 


I'igure  l.-A  stand  of  old-growth  Douglas-fir. 


l-igure  2. -Mount  Baker  relJecteJ  in  Baker  Lake  in  Washingtorj. 


Figure  3. -Mount  Hood  rises  above  the  forest  landscape  adjacent  to  a  forest  road  in  Oregon. 


Figure  4. -Old-growth  Douglas-fir  enfolds  this  forest 
road  on  the  Umpqua  National  Forest  in  Oregon. 


Purpose  and   Scope   of  Study 

This  paper  presents,  by  example  and  explicit 
calculation,  some  economic  consequences  of 
olternative  kinds  of  timber  cutting  where  esthe- 
tics are  involved.  Several  timber  cutting  al- 
ternatives are  simulated  in  order  to  bracket  the 
intensities  likely  to  be  proposed  by  forest  man- 
agers. The  calculations  illustrate  a  method  of 
measuring  some  of  the  economic  consequences 
of  timber  cutting  alternatives  and  also  provide 
at  least  o  partial  guide  for  ranking  alternatives. 

Further,  this  paper  describes  the  decision- 
making problem  that  arises  _when  the  forest- 
land  manager  must  choose  among  actions  hav- 
ing  both   dollar  and    nondollar    consequences. 

This  discussion  is  limited  to  old-growth*  Doug- 
las-fir, although  the  methods  are  applicable  to 
other  species  types  and  stand  ages.  It  is  lim- 
ited further  in  scope  to  an  acre-by-acre  or 
stand-by-stand  point  of  view  as  opposed  to  a 
more  aggregative  approach.  Any  economic 
effects  on  the  balance  of  the  timber  planning 
area   were   ignored. 


The  economic  analysis  concerns  mainly  cal- 
culating discounted  present  values  of  estimated 
current  and  future  stumpage  returns  from  se- 
lected timber  cutting  alternatives.  It  is  not 
conperned  with  the  impacts  of  the  selected  tim- 
ber cutting  alternatives  on  allowable  cuts  or 
rotation  lengths.  These  must  be  the  subjects 
of  future   research. 

Some  general  principles  of  landscape  design 
and  esthetics  are  briefly  considered  as  well. 

Finally,  suggestions  are  offered  for  viewing 
jointly  the  dollar  and  nondollar  consequences 
of  the  timber  cutting  alternatives.  In  these  sug- 
gestions, the  method  and  not  the  data  is  em- 
phasized. 


*  "Old  growth"  is  used  in  this  study  to  connote  timber 
generally  more  than  100  years  old,  and  not  necessarily 
"virgin,"  "mature,"  or  "overmature."  The  "old-growth"  data 
used  in  this  study  conform  with  net  volumes  and  yields  for 
Douglas-fir  timber  over  100  years  of  age  in  the  publications 
by   McArdle    (1961)    and    Stoebler    (1955). 


The  Timber  Stand  and 
Cutting  Alternatives 


The  silvical  nature  of  old-grovv4h  Douglas-fir 
stands  is  almost  as  complex  and  varied  as  the 
needs  of  people  who  seek  opportunities  for 
recreation  in  them.  Stand  age  may  vary  from 
100  to  over  600  years.  Old-growth  stands 
occupy  all  site  productivity  classes,  and  gross 
volumes  per  acre  can  range  from  well  under 
100,000  to  over  300,000  board  feet.  Although 
Douglas-fir  trees  dominate  the  oldest  stands, 
the  more  tolerant  associated  species,  such  as 
the  true  firs,  hemlocks,  and  cedars,  generally 
make  up  a  large  portion  of  the  inventory.  The 
Douglas-fir  stand  is  a  subclimox  type  of  forest 
that  depends  on  such  influences  as  fire,  di- 
sease, and  cutting  to  maintain  it  in  the  face 
of  competition  from  its  shade-tolerant  associates. 
Because  of  the  great  range  in  age  and  asso- 
ciated symptoms  of  decadence  —  e.g.,  decay, 
insect  susceptibility,  and  lack  of  windfirmness 
—  the  old-growth  Douglas-fir  stands  present  a 
kaleidoscopic  picture  of  conditions.  Thus,  the 
land  manager  must  select  from  a  wide  range 
of  kinds  and  intensities  of  cutting  when  the 
objective  is  to  maintain  or  create  on  estheti- 
cally  pleasing  forest  landscape. 


The  Model  Stands 


To  effectively  represent  this  wide  selection, 
a  range  of  conditions  embracing  most  of  tfiose 
found  in  old-growth  forests  was  built  into  this 
study  by  setting  up  10  hypothetical  but  realistic 
model  stands.  Twelve  cutting  methods  were 
simulated  on  each  model  stand,  producing  120 
combinations.  These  methods  cover  the  range 
of  practical  proposals  for  cutting  in  old-growth 
stands  where  esthetic  considerations  are  im- 
portant. 


Table  1  lists  the  salient  characteristics  of  the 
10  model  stands.  Two  levels  of  volume  inven- 
tory were  assumed  to  illustrate  the  effect  of 
management  relative  to  capital  investment. 
Stands  5  and  10  approximate  average  simu- 
lated forest  type  conditions.  Four  variations 
from  each  of  these  average  stand  conditions 
(stands  1  to  4  and  6  to  9)  are  represented  to 
illustrate  the  financial  effect  of  management 
practices  under  different  levels  of  yield  and 
mortality. 


Table   1.— Selected   old-growth   Douglas-fir  stand   characteristics 


Stand 
number 


Original 
basal 
area 


Original 

net 
volume 
per   acre 


Growth    less 
cull   and 
breakage 


Net 

unsolvable 
mortality 


Net 

horvestoble 

yield 


Sq.  ft. 

M  bd-  ft.i 
75 

400 

Bd.  ft 

per  acre  per  year 
0 

1 

400 

400 

2 

400 

75 

0 

0 

0 

3 

400 

75 

400 

400 

0 

4 

400 

75 

0 

400 

-400 

5 

400 

75 

230 

150 

80 

6 

300 

60 

400 

0 

400 

7 

300 

60 

0 

0 

0 

8 

300 

60 

400 

400 

0 

9 

300 

60 

0 

400 

-400 

10 

300 

60 

230 

150 

80 

'  Scribner  ru 

e. 

These  four  variations  and  the  averages  are  as 
follows: 

1.6.  Zero  mortality  with  high  growth  = 
high   net  horvestoble  yield  gain. 

2.7.  Zero  mortality  with  low  or  zero  growth 
=    static  yield. 

3.8.  High  mortality  with  high  growth  = 
static  yield. 

4.9.  High  mortality  with  low  or  zero  growth 
=    high   net  horvestoble  yield   loss. 

■5,10.  "Average"  mortality  with  "average" 
growth  =  "average"  net  horvestoble  yield. 
The  "average"  situation,  although  overage  in 
a  calculated  sense,  may  not  be  typical  at  all 
OS   to    occurrence   in    individual   stands. 


Thus,  stands  1  to  4  and  6  to  9  represent 
extreme  conditions.  Specifically,  site  III  old- 
grov/th  Douglas-fir  data  were  used  in  the  course 
of  this  study.  Stands  5  and  10  represent  reas- 
onable averages  for  high-  and  low-volume 
stands  on  site  III.  Basal  area  for  all  stands 
is  based  on  site  ill  volume-basal  area  relations. 

Inventory  volume  is  assumed  to  be  78  per- 
cent  Douglas-fir  and  22  percent  other  species. 

Gross  yield  less  cull  and  breakage,  net  un- 
solvable mortality,  and  net  horvestoble  yield 
are  assumed  to  be  made  up  of  half  Douglos- 
fir  and   half    other  species. 


In  those  simulated  harvest  operations  where 
overstory  trees  are  removed  in  the  presence 
of  an  understory,  understory  breakage  is  as- 
sumed to  be  1,000  board  feet  per  acre.  There- 
after, yields  from  species  other  than  Douglas- 
fir  are  reduced  15  percent,  irrespective  of 
elapsed  time,  to  account  for  decay  losses  from 
residual  stand  damage. 

Mortality  volume  is  assumed  entirely  unmerch- 
antable through  decay  in  20  years.  Hence, 
there  will  be  fractions  of  20  years'  mortality 
still  merchantable.  These  fractions  range  from 
100  percent  for  the  current  year  to  0  percent 
for  the  mortality  of  20  years  ago.  The  ac- 
cumulated solvable  mortality  can  be  expressed 
OS  50  percent  of  20  years'  or  10  years'  mortality. 


Timber   Cutting   Alternatives 
Selected   for   Simulation 

A  brief  description  of  each  simulated  man- 
agement alternative  is  listed  below  and  desig- 
nated "A"  to  "L."  Each  of  these  has  been 
applied  to  each  of  the   10  model    stands. 

A.  Clearcut  and  regenerate  with  Douglas- 
fir. 

B.  Shelterwood  cut  and  regenerate  with 
Douglas-fir. 

C.  Convert  to  tolerant  type  with  partial 
cutting. 

D.  Hold  40  years  with  mortality  harvest  and 
inventory  reduction,  then  clearcut. 

E.  Hold  40  years  with  mortality  harvest  and 
inventory    reduction,     then     shelterwood    cut. 

F.  Hold  40  years  with  mortality  harvest,  in- 
ventory reduction  and  maintenance,-  then  clear- 
cut. 

G.  Hold  40  years  with  mortality  harvest, 
inventory  reduction  and  maintenance;  then 
shelterwood  cut. 

H.  Hold  40  years  with  yield  increment  and 
mortality  harvest,    then    clearcut. 

I.  Remove  understory  and  hold  40  years 
with  yield  increment  and  mortality  harvest,  then 
clearcut. 

J.  Hold  40  years  with  mortality  harvest, 
then   clearcut. 

K.  Remove  understory  and  hold  40  years 
with    mortality    harvest,    then    clearcut. 

L.  Hold  40  years  with  no  management,  then 
clearcut. 

The  calculated  yields  in  tables  2  to  1 1  define 
more  explicitly  the  simulated  cutting  alternatives 
and  their  yields. 
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Special  treatment  accorded  landscape  man- 
agement areas  precludes  consideration  of  clear- 
cutting  as  an  alternative.  Nevertheless,  this 
alternative  is  included  in  this  evaluation,  be- 
cause our  purpose  is  to  expose  economic  con- 
sequences of  alternative  kinds  of  timber  cut- 
ting (figs.  5  and  6).  In  certain  coses,  such 
cutting  may,  in  fact,  be  used  as  a  landscape 
technique  to  greater  advantage  than  other  cut- 
ting methods.  An  example  is  the  occasional 
need  to  clear  away  roadside  obstructions  to  per- 
mit viewing  adjacent  scenery,  such  as  a  lake, 
stream,  or,  mountain.  Scalloping  the  edges  of 
a  clearcut  —  i.e,  designing  the  shape  of  the 
clearcut  to  avoid  abrupt  lines  —  may  help  re- 
duce the  negative  impact  of  the  cutting.  It  may 
also  develop  that  clearcutting  immediately  may 
be  the  most  effectfve  or  fastest  way  to  gain 
control  of  or  convert  the  stand  for  both  its 
esthetic  and   financial   yield. 


Figure  5.-A  clearcut  tmmedtately  Jollowing  logging 
and  burning. 


Seed-tree  or  patch  selection  cutting  was  not 
considered,  since  it  did  not  seem  to  differ  sig- 
nificantly from  clearcutting  in  esthetic  impact 
and  seemer  to  provide  no  silvicultural  super- 
iority for  old-growth  Douglas-fir  management 
over  other    methods  considered. 

Shelterwood  cutting  was  chosen  because  it 
promises  to  combine  desirable  aspects  of  tim- 
ber production  and  esthetic  yield.  Although 
never  studied  specifically  for  Douglas-fir,  shelter- 
wood  cutting  appears  technically  feasible, 
based  on  Isaac's  (1943  and  1956)  observations. 
Furthermore,  it  seems  especially  suited  for 
opening  up  a  stand  for  visual  penetration  — 
a  desirable  esthetic  characteristic  (figs.  7  and  8). 


Figure  7. -Shelterwood  unit  immediately  after  logging. 


Figure  6.-A  clearcut  about  10  years  after  logging. 


Figure  8. -Shelterwood  unit  about  1 0  years  after 
initial  logging. 

Conversion  to  a  shade-tolerant  type  through 
partial  or  selection  cutting  is  a  broad  alterna- 
tive class  that  is  frequently  considered  for  modi- 
fying cutting  in  old  growth  to  favor  esthetics 
(fig.  9).  A  consequence,  however,  as  the  class 
name  implies,  is  that  partial  or  selection  cutting 
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Figure  9. -Selective  cutting  for  conversion  of  stand  to 
shade-tolerant  species. 

tends  to  favor  the  shade-tolerant  associates  of 
Douglas-fir,  such  as  hemlock,  and  very  likely 
will  result  in  a  species-type  change.  Although 
the  esthetic  consequences  of  type  change  may 
be  small,  the  shift  in  stand  composition  to  these 
currently  lower  valued  associates  of  Douglas- 
fir  may   have  a  big  financial  yield   impact. 

Several  alternatives  involve  holding  the  ex- 
isting stand  for  40  years  with  light-to-no  cutting 
(fig.   10).     This  period  is  then  followed  by  either 


Figure  lO.-An  uncut  old-growth  Douglas-fir  stand. 

clearcut  or  shelterwood  silvicultural  systems. 
Although  there  is  no  great  technical  or  economic 
significance  to  the  40-year  period,  this  period 
seemed  long  enough  to  test  the  effect  of  de- 
ferred harvest  cutting  in  old-growth  stands. 
Eventually,  harvest  cutting  will  be  required;  just 
what  kind  will  depend  on  the  stand  condition 
fin  terms  of  species  composition,  tree  size  and 
spacing,  etc.i  the  manager  wants  to  create. 
This,  in  turn,  will  depend  on  both  financial 
yield  and  appearance. 


Timber  Yields 

Estimated  yields  from  the  old-growth  ex- 
amples were  based  on  the  foregoing  stand 
characteristics  and  assumptions  regarding  mor- 
tality and  yield.  Tables  2  through  1 1  show 
the  results  of  yield  calculations  from  the  present 
through  the  first  yield  of  the  second  managed 
rotation.''  The  cutting  schedules  simulated  in 
this  study  represent  reasonable  practices  but  do 
not  necessarily  represent  optimum  economic  or 
esthetic  schedules. 

Future  stand  yields  are  based  essentially  on 
the  illustrative  valuation  table,  table  16,  in  Tech- 
nical Bulletin  1230  (Worthington  and  Staebler 
1961).  Tables  12,  13,  and  14  show  future  vol- 
ume and  value  yield  estimates  for  managed 
stands. 

Future  yields  from  more  tolerant  species  on 
sites  occupied  by  Douglas-fir  are  not  directly 
determinable  from  any  available  yield  tables. 
The  hemlock  yield  tables  developed  by  Barnes 
(1962)  identify  yield  by  hemlock  site  classifi- 
cation. Thus  far,  no  correlation  has  been  made 
that  will  indicate  the  productivity  of  a  hemlock 
stand  on  a  Douglas-fir  rated  site.  Dimock 
(1958),  however,  shows  much  higher  early  yields 
for  hemlock  stands  than  could  be  expected  for 
Douglas-fir  stands  on  the  same  Douglas-fir  site. 
This  is  apparently  an  expression  of  early  growth 
that   is  not  reflected  by   older  stands. 

Because  of  the  lack  of  appropriate  data,  how- 
ever, the  assumption  is  made  that  Douglas-fir 
stands  on  site  III,  when  converted  to  more  tol- 
erant associated  species,  will  yield  the  same 
total  volume  over  the  rotation.  Further,  hem- 
lock stands  are  assumed  to  yield  the  same  ad- 
ditional volume  through  thinnings  as  Douglas- 
fir.  Therefore,  the  production  schedule  as- 
sumed by  Worthington  and  Staebler  for  Doug- 
las-fir on  site   III    is  also  assumed  for  hemlock. 


^  100-year  rotations  have  been  assumed  even  though  it 
has  been  decided  to  carry  timber  in. some  roadside  areas, 
on  the  National  Forests  for  example,  to  the  300-year-age 
level  and  longer.  This  stand-by-stand  analysis  requires,  how- 
ever, that  a  single  rotation  age  be  used  for  comparing  al- 
ternative cutting  schemes.  100-year  rotations  were  considered 
adequate  for  comparing  the  alternatives  in  this  study.  Longer 
rotations  would  change  the  calculated  yields  and  present 
values  but  would  not  change  the  relative  economic  desira- 
bility   of    the   alternatives   with    respect   to   each    other. 

The  calculations  in  tables  2  through  1  1  ore  shown  only 
through  the  first  yield  of  the  second  managed  rotation 
simply  to  illustrate  the  full  range  of  cutting  schedules  and 
periodic   yields   for   each    alternative. 
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Table 

12.— Clearcut  management  yield 

s.  for  Douglas-fir  site 

III 

Stand 
age 

Volume' 
per   acre 

Stumpage   value 
per   thousand 
board  feet 

Total  value 

Item 

Gross 

Adminis- 
trative- 

Net'' 

Thinned    stand: 

Years 

M  bd.   ft. 

Dollars 

Thinnings 

25-35 

1.0 

5,00 

5.00 

4.00 

1.00 

35-45 

3.5 

7.50 

26.25 

14.00 

12.25 

45-55 

55 

12.00 

66.00 

22.00 

44.00 

55-65 

5.5 

15.00 

82.50 

22.00 

60.50 

65-75 

4.5 

17,50 

78.75 

18.00 

60.75 

75-85 

4.0 

20.00 

80.00 

16,00 

64.00 

85-95 

3.5 

25.00 

87.50 

14,00 

73.50 

Total 

27.5 

426.00 

110.00 

316.00 

Find    harvest 

100 

47.5 

30.00 

1,425.00 

9500 

1,330.00 

(clearcut) 

Total    yield 

75.0 

1,851.00 

205.00 

1,646.00 

Unthinned  stand: 

Final    harvest 

100 

62.8 

25.00 

1,570.00 

125.60 

1,444.40 

(clearcut) 

1    From     Staebler     (1955),     Scribner    rule. 

-   Administration    at    $4    per    thousand    board    feet    per    acre     for    oil     partial    cuts    and    $2     per 
thousand     board     feet     per     acre     for     cleorcuts. 
'   Net  equals    gross    minus  administrative  costs. 


Table   13.— Shelterwood   management  yields  for  Douglas-fir  site 


Stand 
age 


Volume' 
per  acre 


Stumpage   value 
per   thousand 
board   feet 


Total   value 


Gross 


Adminis- 
trative^ 


Net^ 


M  bd.  ft. 


Dollars 


Thinned    stand; 

Thinnings 

25-35 

1.0 

35-45 

3.5 

45-55 

5.5 

55-65 

5.5 

65-75 

4.5 

75-85 

4.0 

85-95 

3.5 

Total 

27.5 

Sheltervi^ood 

(initial) 

100 

23.9 

Shelterwood 

(final) 

110 

23,8 

5  00 
7,50 
12,00 
15,00 
1750 
20,00 
25.00 


5.00 
26.25 
66.00 
82.50 
78.75 
80.00 
87.50 


4.00 
14,00 
22,00 
22.00 
18.00 
16.00 
14.00 


1.00 
12,25 
44,00 
60,50 
60,75 
64,00 
73,50 


25.00 
27.50 


426.00 
597,50 
654,50 


110,00  316.00 

95,60  501,90 

95,20  559.30 


Total    yield 

Unthinned   stand: 
(None)* 


75.2 


1,678,00 


300.1 


1,377.20 


^    From     Staebler     (1955),     Scribner     rule. 

-   Administration    at    $4    per    thousand     board    feet     per     acre    for    all     partial    cuts    and    $2    p"r 
thousand      board     feet     per    acre     for    cleorcuts. 
•'   Net    equals   gross    minus    administrative    costs 
*   A    thinning    program    is    assumed    whenever    final    harvest     is    by    shelterwood     cutting. 
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Table  14.— Yields  for  conversion  to  tolerant  type  and  partial-cut  management  for  Douglas-fir  site 


Item 


Stand 
age 


Volume^ 
per   acre 


Stumpage  value- 
per  thousand 
board  feet' 


Total  value 


Gross 


Adminis- 
trative* 


Neff^ 


Thinned    stand: 

Years 

M  bd.  ft.-i     - 

Dollars 

Thinnings 

25-35 

1.0 

5.00 

5.00 

4.00 

1. 00 

35-45 

3.5 

5.00 

17.50 

14.00 

3.50 

45-55 

5.5 

5.00 

27.50 

22.00 

5.50 

55-65 

5.5 

5.50 

30.25 

22  00 

8.25 

65-75 

4.5 

7.00 

31.50 

18.00 

13.50 

75.85 

4.0 

8.00 

32.00 

16.00 

16.00 

85-95 

3.5 

9.00 

31.50 

14.00 

17.50 

Total 

27.5 

175.25 

110.00 

65.25 

Sustained  yield** 

100 

7.0 

10.00 

70.00 

28.00 

42.00' 

Total   yield 

34.5 

24525 

138.00 

107.25 

Unthinned   stand; 

Sustained 

yield'^ 

100 

5.0 

10.00 

50.00 

20.00 

30.00' 

'   Thinning     volumes     same    as     Staebler     (1955)   for   Douglas-fir. 

-  Stumpage  value  increased  from  $5  to  $10  at  same  rate  as  Staebler's  Douglas-fir  stumpage 
volume   increased. 

■*   From    Staebler     (1955),    Scribner    rule. 

*   Administration    at    $4     per    thousand    board     feet    per     acre     for     all    partial    cuts. 

^   Net   equals   gross    minus   administrative    co  .ts. 

^   Sustained    yield    based    on    growth    at   age   80  (Barnes    1962),    the  age   of   stocking   carried   here. 

'   Assume  this   yield   perpetuated   to  infinity. 

"  Sustained  yield  based  on  Barnes'  (1962)  yield  table  at  age  90  less  1,000  board  feet  for 
breakage. 


Worthington  and  Staebler  (1961)  indicate  a 
yiefd  increase,  due  to  thinning,  from  62,800 
to  75,200  board  feet  per  acre  in  100  years. 
They  reducued  final  yield  to  47,700  by  thinning. 
We  assume  a  yield  of  47,500  and  the  same 
schedule  for  hemlock  and  continuous  net  yield 
increments  under  partial  cut  management  equi- 
valent to  that  at  yield  table  age  80,  the  age 
of  the  stand  density  indicated  in  our  example. 
The  oldest  trees  after  any  lO-yeor  yield  cut 
will   be  90  years. 

Extra  breakage  from  the  upper  crown  of 
1,000  board  feet  per  acre,  previously  estimated 
for  partial  cuts,  is  deducted  from  the  growth  to 
give  a  10-year  volume-yield  increment  of  7,000 
board  feet  per  acre.  f"or  the  unthinned  hem- 
lock stand,  10-year  growth  and  volume-yield 
increment  is  taken  as  approximately  that  at  age 
90  in  the  yield  table,  since  the  oldest  members 
will  be  90  years  after  any  10-year  yield  harvest. 
Breakage  of  1,000  board  feet  per  acre  is  de- 
ducted to  give  a  10-year  volume-yield  increment 
of  5,000  board  feet  per  acre  in  the  unthinned 
stand. 

The  entire  yield  in  all  future  stands  is  treated 
as  sound  volume.  The  actual  proportion  of 
sound  volume  should  be  very  high  in  managed 
stands.  The  yield  schedules  used  are  described 
by  Worthingron  and  Staebler  '1961)  as  "highly 
conservative." 


Value  Yields 

Economic  evaluation  is  based  on  calculated 
present  net  worths,  in  terms  of  net  stumpage 
value,  for  all  present  and  future  timber  yields 
obtained  from  the  alternative  cutting  programs 
used  in  this  study.  A  number  of  assumptions 
ore  implied  or  made  explicit  in  the  following 
discussion  of  values  used  in  the  calculations. 
Although  the  values  used  are  considered  real- 
istic, if  conservative,  the  absolute  levels  of  val- 
ue are  not  as  important  for  the  purpose  of  this 
study  as  the  way   in  which  they  are  used. 

Current  Net  Stumpage  Values 

Net  stumpage  values  assumed  for  yields  from 
existing  stands  are  shown  in  table  15.  Douglas- 
fir  stumpage  prices,  on  the  National  Forests  of 
Region  6  at  least,  increased  from  an  average  of 
$24.80  in  1962  to  an  overage  of  $38.10  in 
1964  (Hamilton  1964).  However,  the  appraised 
value  of  Douglas-fir  sav^imber  in  western  Ore- 
gon and  Washington  during  1964  averaged 
around  $24  per  thousand  board  feet.  The 
assumption  for  current  price  expectations  for 
this  study  was  $32  per  thousand  board  feet 
for  Douglas-fir  sawlimber.  This  value  was  used 
throughout  the  assumed  40-year  conversion  or 
holding  period  for  existing  stands  in  all  alter- 
natives. 
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Table   15.— Stumpage    value    assumptions  for  yields  from   existing    old-growth    stands 


Management 

Species 

alternative 
group 

Douglas-fir 

Other 

Average   stand 
composition^ 

Cleorcut 

Shelterwood    cut 
Partial     cutting 

32 
30 
28 

Dollars   per   M   bd.    ft. 2 

12 
10 
8 

28 
26 
24 

'   78    percent    Douglas-fir    and    22    percent   other  species  assumed. 
^  Scribner  rule. 


Logging  costs  per  unit  of  stumpage  yield  ore 
expected  to  increase  somewhat  as  cutting  al- 
ternatives move  from  clearcutting  through  lesser 
intensities  of  partial  cutting.  The  exact  dollar 
difference  between  these  broad  classes  of  al- 
ternatives is  not  known.  However,  in  table  15 
the  difference  between  alternative  cutting  meth- 
ods is  assumed  to  be  $2  per  thousand  board 
feet.  Although  this  difference  may  understate 
the  differences  in  average  logging  costs  be- 
tween the  cutting  alternatives,  it  conforms  to 
the  general  pattern  of  differences  based  upon 
removal  of  lesser  volumes  per  acre. 

Unit  stumpage  values  for  species  associated 
with  Douglas-fir  overage  around  a  third  of 
the  value  of  Douglas-fir.  The  values  for  "other" 
species   in  table    15   reflect  this  relative  value. 

Average  stand  composition  for  existing  old- 
growth  Douglas-fir  stands  is  assumed  to  be  78 
percent  Douglas-fir  and  22  percent  "other" 
species,  including  mainly  western  hemlock.  The 
stumpage  values  for  "overage  stand  composi- 
tion" in  table  15  are  based  on  this  assumption. 

Administrative  Costs 

Timber  sole  administration  costs  have  also 
been  accounted  for.  Worthington  and  Fedkiw 
(1964)  estimated  costs  of  $2.25  per  thousand 
board  feet  for  marking,  selling,  and  supervising 
the  sole  of  thinnings  in  one  case  study.  When 
sales  are  laid  out  in  which  esthetics  are  also 
to  be  considered,  such  costs  could  be  much  high- 


er because  of  increased  time  and  core  in  de- 
signing boundaries  of  cutting  units  and  marking 
individual  trees  for  removal.  In  this  study, 
administrative  costs  of  this  type  have  been  as- 
sumed to  be  $4  and  $2  per  thousand  board 
feet,  respectively,  for  partial  cutting  and  for 
clearcutting. 

Stumpage   Values  for 
Future   Stands 

The  value  of  timber  40  years  and  more 
hence  is  difficult  to  forecast.  One  recent  study 
(U.S.  Forest  Service  1963l  assumed  that  saw- 
timber  trees  Ml  inches  or  larger  d.b.h.  to  a 
minimum  8-inch  top)  would  yield  on  average 
of  $40  per  thousand  board  feet  in  the  future 
in  the  Douglas-fir  subregion.  For  the  purposes 
of  this  study,  however,  lower  net  stumpage 
values  were  assumed.  These  were  based  on 
the  expectation  of  smaller  sizes  of  timber  than 
current  old-growth  timber  because  of  the  as- 
sumed shorter  rotation  of  100  years. 

Table  16  shows  the  range  of  net  stumpage 
values  assumed  for  yields  from  future  stands. 
These  values  are  more  fully  developed  in  tables 
12,  13,  and  14.  The  thinning  values  estimated 
by  Worthington  and  Stoebler  (1961)  have  been 
adjusted  upward  to  conform  with  more  recent 
experience.  Thinnings  from  recent  National 
Forest  timber  sales  in  stands  ranging  in  age 
from  30  to  100  years  have  yielded  stumpage 
values  from  $5  to  $30  per  thousand  board  feet. 


Table   16.— Stumpage  value  assumptions  for  future   stand   yields,    Douglas-fir  type,    site 


Yield 

Species 

category 

Douglas-fir 

Tolerant  associates 

Final     harvest      {includes 
shelterwood) 

Thinnings 

Sustained   yield 
harvest 


1    Scribner   rule. 


—    Dollars    per    thousand     board    feet' 
25-30 


5-25 


5-9 
10 
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Calculation   of   Dollar  Yields 

The  assumed  volume  yield  for  each  stand 
treated  by  each  of  the  12  cutting  methods 
shown  in  tables  2  through  1  1  was  multiplied 
by  the  appropriate  stumpage  value  from  tables 
12  to  16.  For  example,  the  current  yield  of 
75,000  board  feet  per  acre  from  stand  number 
1  —  table  2  —  under  clearcutting  was  multi- 
plied by  $28  —  from  table  15  —  for  a  total 
current  stumpage  value  of  $2,100  per  acre. 
Administrative  costs  of  $2  per  thousand  board 


feet  were  then  deducted  to  give  a  net  dollar 
yield  per  acre  of  $1,950.  With  the  same 
stand  and  cutting  alternative  combination,  ad- 
ditional stumpage  value  calculations  were  made 
as  shown  in  table  17.  Calculation  results  for 
shelterwood  cutting  and  conversion-to-tolerant- 
species  alternatives  for  the  same  stand  are 
shown  in  tables  18  and  19.  Table  20  shows 
similar  illustrative  data  for  the  first  of  the  de- 
ferred cutting  alternatives  in  the  high-volume, 
high-yield   model  stand. 


Table   17.— Dollar  value   yield   calculations;    high-volume,    high-yield    model    stand    under   clear-cut- 
ting alternative,  Douglas-fir  site  III 


Time   from 
present 
(years) 

Yield' 

Stumpage   value 
per  thousand 
board   feet- 

Yield   per   acre 

less 

administrative 

costs'' 

M  bd.   ft.' 
73.0 

Del 

ors   —    —  —  —  —   —  —  — 

Present 

28.00 

1,950.00 

30 

1.0 

5.00 

1.00 

40 

3,5 

7.50 

12.25 

50 

5.5 

12.00 

44.00 

60 

5.5 

15.00 

60.50 

70 

4.5 

17.50 

60.75 

80 

4,0 

20.00 

64.00 

90 

3.5 

25.00 

73.50 

100 

47.5 

30.00 

1,330.00 

130 

1.0 

5.00 

1.00 

'    From   table   2. 

-   From    table    12,    except    for     "present"    which   is   from   table    15. 

"   Administrative    costs    of    $4    and    $2    per    thousand     board     feet    assumed     for    all     partial     and 

clearcuts,   respectively. 
'   Scribner   rule. 

Table   18.— Dollar  value  yield   calculations;     high-volume,  high-yield  model  stand  under  shelterwood 
cutting   alternative,   Douglas-fir    site    III 


Time   from 
present 
(years) 

Yield' 

Stumpage   value 
per   thousand 
board   feet= 

Yield   per   acre 

less 

administrative 

costs-' 

M  bd.   U* 
53.0 

ars  —   —  —  —  ——  —  — 

Present 

26.00 

1,166.00 

10 

23.2 

26.00 

510.40 

30 

1.0 

5.00 

1.00 

40 

3.5 

7.50 

12.25 

50 

5.5 

12.00 

44.00 

60 

5.5 

15.00 

60.50 

70 

4.5 

17.50 

60.75 

80 

4.0 

20.00 

64.00 

90 

3.5 

25,00 

73.50 

100 

23.9 

25.00 

501.90 

no 

23.8 

27.50 

559.30 

130 

1.0 

5.00 

1,00 

1    From   table  2. 

-  From  table  13,  except  for  "present"  and  "10  years,"  which  are  from  table  15. 
■'  Administrative  costs  of  $4  per  thousand  board  feet  assumed  for  all  partial  cuts. 
■*   Scribner   rule. 
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Table   19.— Dollar  value   yield  calculations;    high-volume,  high-yield  model  stand  under  conversion- 
to-tolerant-species   alternative,   Douglas-fir  site  III 


Time   from 
present 
(years) 

Yieldi 

Stumpage   value 

per   thousand 

board   feet 

Yield   per  acre 

less 

administrative 

costs^ 

M  bd.  ft. 3 

Do 

lars   —   —  —  —  — 

Present 

25.0 

24.00< 

500.00 

10 

18.7 

24.00' 

374.00 

20 

12.9 

24.00' 

258.00 

40 

24.9 

24.00* 

498.00 

60 

1.0 

S.OO-"' 

1.00 

70 

3.5 

5,00= 

3.50 

80 

5.5 

5.00= 

5.50 

90 

5.5 

5  50= 

8.25 

100 

4.5 

7.00= 

13.50 

no 

4.0 

8.00= 

16.00 

120 

3.5 

9.00= 

17.50 

130 

7.0 

10.00= 

42.00 

140 

7.0 

10.00= 

42.00 

'  From   table  2. 

-  Administrative     costs    of    $4    per    thousand    board     feet    assumed    for    all     partial     cuts. 

■*  Scribner   rule. 

*  From  table   15. 

=  From   table    14. 
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Table  20.— Dollar  value  yield  calculations;  high-volume,  high-yield  model  stand,  holding  existing 
stands  40  years  with  mortality  harvest  and  inventory  reduction  followed  by  clearcut- 
ting,   Douglas-fir  site  III 


Time   from 
present 
(years) 

Yield' 

Stumpage   value 

per   thousand 

board   feet 

Yield   per  acre 

less 

administrative 

costs- 

M  bd.  ft.-' 

Dql 

grs    —    —  —  —  —— 

Present 

25.0 

24.00* 

500.00 

10 

18.7 

24.00' 

374.00 

40 

39.0 

24.00' 

780  00 

70 

1.0 

5-00= 

1.00 

80 

3.5 

7.50= 

12.25 

90 

5.5 

12.00= 

44.00 

100 

5.5 

15.00= 

60.50 

no 

4.5 

17.50"' 

60.75 

120 

4.0 

20.00= 

64.00 

130 

3.5 

25.00= 

73.50 

140 

47.5 

30.00= 

1,330.00 

170 

1.0 

5.00= 

1  00 

1  From   table  2. 

2  Administrative    costs    of 
clearcuts,   respectively. 

^   Scribner   rule. 
*    From   table    15. 
f^   From   table    12. 


and    $2    per    thousand    board     feet    assumed    for    all    partial    and 
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If  should  be  noted  that  the  last  yield  shown 
in  tables  17  to  20  is  the  first  yield  of  what 
is  called  here  the  "second  managed  rotation." 
From  this  point  in  time,  cutting  cycles  and 
yields  of  the  succeeding  rotation  ore  assumed 
to  begin  anew  in  the  some  pattern  to  infinity. 
For  example,  the  shelterwood  cutting  alternative 
in  the  high-volume,  high-yield  s*-and  of  tables 
2  and  18  shows  a  per-acre  yield  of  1,000  board 
feet,  or  $1  net  in  the  130th  year  from  the 
present.  This  is  equivalent  to  the  initial  thin- 
ning yield  of  the  first  managed  rotation  for 
the  30th  year  from  the  present  and  is  the 
assumed  initial  yield  from  all  rotations  thence- 
forth. 

It  will  also  be  noted  that,  with  the  exception 
of  the  conversion-to-tolerant-species  alternative, 
all    methods  assume  thinning  programs. 

Natural  regeneration  was  assumed  in  all 
cases,  and  yield  periods  reflect  some  regener- 
ation time.  Hence,  no  regeneration  costs  were 
deducted  from  value  yields.  Undoubtedly,  re- 
generation costs  would  be  incurred  with  the 
clearcutting  alternative.  Such  costs  for  regen- 
erating clearcut  areas  vary  from  less  than  $7 
to  over  $100  per  acre  (Payne  1964).  How- 
ever, such  costs,  when  known,  can  be  deducted 
from  the  present  worths  calculated  below  if 
a   more  detailed   analysis    is  desired. 

Calculation   of   Present  Worth 

The  values  of  all  future  yields  for  all  stands 
and  alternatives  were  discounted  back  to  the 
present  in  order  to  compare  the  alternatives 
in  terms  of  dollar  values.  Two  discount  rates 
were  used  to  reflect  varying  costs  of  financing. 
It  is  assumed  that  government  (principally  the 
Federal  Government)  would  have  to  pay  3  per- 
cent interest  on  funds  borrowed  to  finance  its 
activities  in  lieu  of  other  income  —  as  in  the 
case  of  reduced  present  stumpage  returns  to 
the  treasury  resulting  from  reduced  current  tim- 
ber yields  to  favor  esthetics.  The  6-percent  rate 
represents  the  cost  of  capital  paid  by  some 
private  firms.  Present  worth  calculations  spe- 
cifically for  private  firms  would  have  to  be 
modified  slightly  to  reflect  economic  factors  of 
private  management  that  are  not  common  to 
public  management;  specifically,  property  tax 
and  the  income  tax. 


Discounting  for  each  management  alterna- 
tive  was  done  generally   in  two  stages: 

1.  Each  net  dollar  yield  from  existing  old- 
growth  stands  was  discounted  to  the  present 
separately   with  the    formula: 


V  = 

o 

where, 

V  = 

o 

V  = 


v„ 


:i+i)" 


value  at  the  present  time  (dollars) 

value  of  future  yield   (dollars) 

n    =    number  of  years  hence  that  yield 
occurs 

i    =    annual   rate  of   interest   (decimal) 

The  calculated  present  values  were  then  added 
together  to  obtain  a  total  net  present  stumpage 
value  for  the  yields  from  the  existing  old- 
growth  stand  over  the  period  of  its  conversion 
to  a  fully  regulated  stand.  This  period  ranges 
from  0  years  with  the  clearcutting  alternative 
to  50  years  with  two  of  the  deferred  harvest 
alternatives. 

2.  A  two-step  procedure  was  used  to  dis- 
count net  value  yields  from  the  thinning  and 
harvest  cut  programs  in  the  managed  young- 
growth  stands  of  the  future.  The  procedure 
involved  discounting  yield  values  to  the  begin- 
ning of  the  first  managed  rotation.  This  dis- 
counted present  value  was  then  discounted  to 
the  present  over  the  period  required  to  liquidate 
the  original   old-grov4h   stand. 

a.     Step    1: 

The  first  step  —  discounting  end- 
of-rotation  values  for  all  future  ro- 
tations —  used  the  following  formula: 


o-f-c 

where, 

V 

o-K 


n+i)'^  -1 


present  value  at  begin- 
ning of  first  managed 
rotation  (present  time  + 
period  required  to  con- 
vert or  liquidate  existing 
old-growth   stand) 
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a"    =    financial  value  of  stand 
at  end  of  each  managed 
rotation 
n    =    100  years 

b.     Step  2: 

The  second  step  —  discounting  the 
present  worth  of  all  future  managed 
rotations  at  the  beginning  of  the 
first  rotation  —  was  accomplished 
with  the   formula: 

V  =^ 

(l+ir 

where, 

V      =    present     value     of     all 
yields 

V  =    present     value     of     all 
°  future     managed     rota- 
tions   at    beginning    of 
first  managed  rotation 

k  =  number  of  years  from 
present  that  the  last 
harvest  from  original 
old-growth  stand  is  tak- 
en. This  marks  the  be- 
ginning of  the  first  ro- 
tation. 

The  present  values  from  both  stages  —  i.e., 
the  present  value  of  the  old-growth  stand  and 
the  present  value  of  the  future  managed  stands 
—  were  added  together  to  obtain  the  total 
present  value. 

Present  values  for  each  cutting-method  al- 
ternative, and  for  the  3-percent  and  6-percent 
discount  rotes,  ore  shown  in  table  21.  These 
were   calculated  with   an  IBM  7040  computer.' 


°  The    value,     a,    is    calculated    as     follows: 

where, 

y    .   .   .y     =dollar  yield  at  years   I  to  n 
1  n 

n-t      .    .    .    n-t       —     number    of    years    before     end     of 

I  ^  rotation;     for   example,    if   the   first 

yield     (yj)    occurs    30    years     after 

the     start    of    a     lOO-yeor    rotation, 

n-t      would    equal    70    years 

'  The  FORTRAN  IV  program  listing  and  source  deck  (coded 
by  Dan  Chappelle)  are  available  on  request  from  the  Pacific 
Northwest   Forest   and  Range   Experiment   Station,    Portland,   Oreg. 
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Figures  11  and  12  graphically  show  these 
values  for  the  "average"  conditions  of  stands 
5  and    10. 

DOLLARS 

2.2  00   ^ 


■  -  3  %   INTEREST 
n  -  6%   INTEREST 


ABCDEFGHIJKL 

MANAGEMENT         ALTERNATIVE 

Figure  11. -Present  value  of  stumpage  yields  from  stand  5  for  12  management  alternatives  at  3  and  6  percent 

interest  for  Douglas-fir  site  III. 
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Figure  12. -Present  value  of  stumpage  yields  from  stand  10  for  12  management  alternatives  at  3  and  6  percent 

interest  for  Douglas-fir  site  111. 
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Discussion 


As  expected,  the  clearcutting  alternative 
yields  the  highest  present  stumpage  values  for 
all  model  stands.  This  result  is  most  strongly 
influenced  by  the  fact  that  there  is  no  waiting 
time  for  the  initial  yield  —  which  is  also  the 
entire  net  volume  of  the  stand  —  and,  hence, 
no  interest  or  discount  cost.  Also,  future  yields 
from  thinnings  begin  to  occur  earlier  than  in 
other  alternatives  and  the  final  harvest  occurs 
sooner  than  under  the  shelterwood  alternative. 

To  the  extent  that  clearcutting  is  o  feasible 
alternative  in  at  least  part  of  the  area  where 
increased  emphasis  is  given  to  .esthetic  yield, 
and  to  the  extent  that  maximum  present  stump- 
age  value  is  the  criterion  of  desirability,  clear- 
cutting  would  rank  as  the  economically  best 
alternative  of  this  study. 

Judged  by  the  same  criterion  —  i.e.,  max- 
imum present  value  of  stumpage  yield  —  the 
two-cut  shelterwood  system  of  this  study  ranks 
second  best.  The  difference  in  present  value 
between  clearcutting  and  shelterwood  cutting 
ranges  from  approximately  $400  to  $600  an 
acre,  depending  principally  upon  the  discount 
rate.  In  effect,  we  would  forgo  from  $400 
to  $600  an  acre  of  value  by  choosing  shelter- 
wood  cutting.  This  indicates,  moreover,  that  if 
shelterwood  cutting  provides  the  desired  stand 
appearance,  one  of  the  "prices"  paid  for  this 
appearance  is  the  forgone  $400  to  $600  per 
acre  which  could  hove  been  obtained  from 
clearcutting. 

Conversion  to  a  tolerant  species  yields  even 
lower  present  values  than  shelterwood  cutting, 
by  some  $400  to  $500  an  acre.  This  is  the 
result  not  only  of  waiting  or  discount  costs, 
but  also  of  the  relatively  lower  value  assumed 
for  future  stands  which  are  made  up  of  species 
other  than  Douglas-fir. 

Present  value  yields  of  the  remaining  alter- 
natives are  progressively  lower  as  the  harvesting 
of  the  bulk  of  the  existing  old-growth  stand 
is  pushed  farther  toward  the  end  of  its  con- 
version  period. 

These  results  can  be  used  for  broad  com- 
parisons of  management  alternatives.  They 
can  also  be  used  when  the  range  of  alterna- 
tives is  restricted.  For  example,  a  decision  may 
already   have  been  made  to  hold  the  existing 


old-growth  stand  relatively  intact  for  40  years, 
thus  eliminating  immediate  clearcutting,  shelter- 
wood  cutting,  or  conversion-to-tolerant-species 
cutting.  Suppose  further,  that  no  clearcutting 
is  ever  to  be  permitted.  These  decisions  would 
eliminate  all  but  the  two  alternatives  involving 
mortality  salvage  and  inventory  reduction  fol- 
lowed by  shelterwood  cutting.  One  of  the  al- 
ternatives, however,  involves  removing  some 
4,000  board  feet  more  during  the  40-year 
conversion  period.  This  heavier  intermediate 
cutting  alternative  thus  yields  somewhat  higher 
present  values  in  four  of  the  model  stands 
than  the  other  alternative.  If  there  were  no 
significant  difference  in  esthetic  yield  between 
the  two  methods,  the  alternative  yielding  the 
greater  present  value  of  stumpage  returns  would 
be  chosen. 

The  differences  in  present  values  between 
stand  models  for  any  given  cutting  method 
(table  21)  show  how  inherent  stand  character- 
istics affect  the  capital  value  of  a  timber  stand. 

Esthetics  and 

Economic  Choice 

The  foregoing  analysis  has  presented  a  wide 
range  of  timber  yield  and  financial  conse- 
quences of  simulated  timber  cutting  programs 
in  landscape  areas.  However,  little  has  been 
added  to  our  understanding  of  how  to  choose 
among  the  alternatives  when  the  esthetic  yield 
of  the  alternatives  must  also  be  considered. 
After  a  short  discussion  of  some  concepts  of 
landscape  design  applied  in  a  forest  manage- 
ment context,  a  point  of  view  will  be  presented 
about  decision  making  when  dollar  and  non- 
dollar  yields  are  considered  simultaneously. 

Landscaping   Concepts  and   Timber 
Cutting   Alternatives 

Principles  of  modern  landscape  design  have 
an  ancient  heritage.  However,  a  recent  paper 
based  on  research  by  Twiss  and  Litton  (1966) 
concisely  expresses  some  of  these  concepts  in 
the  broad  setting  of  natural  resource  use.  These 
authors  state  that 
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.  .  .  the  assumption  is  frequently  made  that 
"good"  scenery  results  more  or  less  auto- 
matically from  some  given  practice  or  land 
use,  such  as  soil  conservation,  sustained  yield 
management,  or  preservation. 

We  contend  that  optimum  visual  results 
cannot  be  expected  to  occur  spontaneously, 
but  must  be  actively  considered  and  pursued. 
Values  accruing  to  the  public  that  observes 
the  landscape  depend  upon  an  interaction 
between  people  and  the  regional  resource 
base;  and  good  management  should  be 
based  on  analyses  of  both  of  these  variables. 

They  offer  as  a  starting  point  for  analysis 
of  the  landscaping  consequences  of  resource 
management  the  four  landscape  characteris- 
tics or  "criteria"  of:  (1)  nature,  (2)  beauty, 
(3)    meaning,   and    (4)    imageability. 

With  respect  to  the  nature  criterion,  it  can 
be  argued  that  even  clearcutting  can  incorpor- 
ate "natural"  lines  of  topography  in  the  design 
of  the  edges  and  location  of  clearcut  areas. 
With  forethought,  it  may  be  possible  to  main- 
tain the  essential  "naturalness"  by  avoiding 
straight  lines  or  abrupt  changes  from  the  nat- 
ural to  the  man-dominated  landscape.  This 
thought  con  also  be  interpreted  in  terms  of 
maintaining  a  more  or  less  continuous  forest 
crown  cover,  either  through  shelterwood  or 
through  lighter  partial  cuts.  Finally,  in  view 
of  the  fact  that  most  landscape  management 
areas  may  be  only  ordinary  scenery,  the  em- 
phasis in  these  cases  upon  naturalness  rather 
than   uniqueness  seems  especially  appropriate. 

Even  though  beauty  is  a  complex  and  relative 
characteristic,  there  are  concepts  of  visual  com- 
position —  e.g.,  balance,  harmony,  unity,  con- 
trast, form  —  which  might  be  applied  to  the 
forest  landscape.  The  design  and  construction 
of  roods,  bridges,  and  campgrounds  are  par- 
ticularly amenable  to  these  concepts.  How- 
ever, timber  cutting  can  also  conform  to  broad 
beauty  criteria  such  as  harmony  and  unity  by 
making  the  cutting  "fit"  the  landscape  purpose. 
If  the  roadside  timber  is  in  on  area  already 
known  as  a  "managed"  area  depending  heavily 
on  timber  harvest  activity,  some  of  the  heavier 
cutting  alternatives  such  as  shelterwood  may  be 
accepted  readily  by  the  public.  Furthermore, 
a  wide  belt  of  vigorous  reproduction  following 
harvest  cutting  in  such  areas  may  elicit  as  much 


or  more  public  approval  than  a  narrow  screen 
of  towering  old  growth  which  may  be  very 
much  out  of  place  in  terms  of  the  dominant 
purpose  of  the  general  area.  On  the  other 
hand,  some  roadside  timber  stands  may  be 
within  an  area  noted  for  its  botanical  and 
ecological  uniqueness.  In  this  kind  of  area, 
cutting  must  be  planned  to  conform  to  this 
uniqueness.  Conversion  to  a  tolerant  type  may 
be  appropriate  if  it  "fits"  the  already  apparent 
ecological  succession  of  the  area.  No  cutting, 
of  course,  may  also  be  an  alternative  in  some 
cases,  hlowever,  this  alternative  was  not  ex- 
amined  in    this   study. 

A  particular  landscape  will  have  meaning 
through  the  experience  and  intuitive  appre- 
ciation of  the  beholder.  Landscape  design  pro- 
vides a  means  of  capturing  this  meaning  by 
building  it  into  the  landscape.  A  timber  stand 
may  have  spiritual  meaning  to  those  who  infer 
supernatural  relationships  from  such  natural 
objects  as  trees.  In  such  cases  it  may  be  con- 
sidered appropriate  to  create  a  cathedral-like 
atmosphere  with  light  cuttings  in  old-growth 
timber.  On  the  other  hand,  the  forest  may  rep- 
resent a  storehouse  of  economic  goods  and 
services  which,  through  careful  husbandry,  help 
sustain  the  "good  life."  Provision  of  a  variety 
of  these  settings  may  provide  for  a  variety 
of  rich  experiences.  Forethought  and  creativity 
will  be  required  to  determine  which  meaning 
should  be  given  preference  in  particular  places 
and  which  timber  cutting  practice  will  serve 
as  the  appropriate  tool. 

Imogeubility  is  strongly  related  to  meaning. 
Twiss  and  Litton  derive  two  implications  from 
this  concept.      In  their  words: 

First,  observers  tend  to  notice  things 
which  already  have  strong  or  symbolic 
meaning  for  them.  Many  will  be  shocked 
by  the  sight  of  bulldozers,  slash  piles, 
and  tree  stumps,-  but  they  may  be  reas- 
sured if  these  are  seen  as  part  of  a  full 
cycle  of  harvest  and  grovv^h  and  if  it 
is  obvious  that  the  land  is  being  used  with 
care.  It  is  incumbent  on  the  resource 
manager  to  identify  those  aspects  of  his 
work  which  ore  visually  striking  and 
meaningful  to  observers.  With  the  coming 
of  intensive  resource  use,  he  can  no 
longer  merely  conceal  the  negative  sym- 
bols. Now  he  must  positively  display 
most  or  all  of  the  attributes  of  resource 
management  and  development. 
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The  second  implication  of  the  concept 
of  imageability  is  that  the  composition, 
depth,  scope,  and  duration  of  view  must 
all  be  considered.  For  example,  a  trav- 
eler v^ill  be  bored  by  the  endless  high 
vegetation  of  roadside  strips;  irritated  by 
fleeting  glimpses  of  vistas  that  invite  ex- 
tended observation;  or  stimulated  by 
thoughtful  contrasting  of  scenes. 

Again,  care  in  the  selection  of  cutting  method 
will  be  required  to  produce  the  desired  image. 
Shelterwood  cutting,  for  example,  might  pro- 
vide maximum  depth  of  visual  penetration  of 
the  roadside  forest  and  thus  permit  more  of 
a  feeling  of  being  in  the  forest  rather  than 
of  exclusion  from  it  by  a  visually  impenetrable 
wall  of  closely  grown  trees. 

Choosing  Among  the  Alternatives 

Given  the  dollar  and  nondollar  consequences 
of  the  alternative  methods  of  cutting  timber  in 
roadside  strips  or  other  parts  of  the  forest  land- 
scape, the  basic  question  remains:  hiow  is  the 
choice  among  the  alternatives  to  be  made? 
It  is  obvious  that  one  cannot  odd  together 
directly  the  dollar  and  nondollar  "returns"  from 
a  given  alternative.  Timber  and  esthetics,  like 
apples  and  oranges,  simply  are  not  additive, 
having  no  common  value  measure. 

However,  two  approaches  are  available  to 
the  decision  maker  who  must  use  a  set  of  apples- 
and-oronges  consequences  on  which  to  base  his 
decision.  These  are  called  here:  (1)  the  simple 
betterness  method  and  (2)  the  compensation 
or  trade-off  technique. 
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Simple  betterness.  —  This  method  relies  on 
the  principle  that  the  alternative  is  selected 
which  results  in  at  least  some  improvement  in 
some  respect  over  the  other  alternatives,  with 
no  consequent  deterioration  in  any  respect  rel- 
ative to  the  other  alternatives.  The  double- 
scaled  graph  of  figure  13  can  be  used  to  il- 
lustrate the  method. 

The  left-hand  scale  of  the  graph  represents 
net  dollar  returns,  such  as  stumpage,  from  each 
of  five  assumed  alternatives.  The  right-hand 
scale  of  the  graph  represents  net  nondollar 
returns,  such  as  esthetics,  from  each  of  the 
alternatives.  The  symbol  U  has  been  used 
to  represent  these  nondollar  utilities.  The  right- 
hand  scale  is  both  undefined  (i.e.,  there  are 
no  measurable  units)  and  indeterminate  (i.e.,  no 
known  limit);  hence,  dashed  and  broken  lines 
are  used.  Although  cardinal  dollar  measure- 
ments are  made  on  the  left-hand  scale,  only 
ordinal  "better  than"  elongation  of  the  tips 
of  the  bars  associated  with  the  alternatives  is 
possible  on  the  right-hand  scale.  One  may 
thus  soy  that  alternative  number  3  is  some- 
what better  than  alternative  5  with  respect  to 
their  nondollar  utilities,  and  that  alternative  2 
is  much  better  than  alternative  3.  However, 
in  the  sense  used  here,  it  is  not  possible  to 
determine  the  exact  amount  by  which  one  al- 
ternative is  better  than  another  on  this  ordinal 
scale.  It  is  enough  to  know  —  or  be  able  to 
judge  —  that  one  is  not  at  all,  somewhat,  or 
much  better  than   another. 
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Figure  13. -Simultaneous  display  of  dollar  and  nondollar  (utility)  consequences  of  five  hypothetical 

alternative  actions. 
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An  important  characteristic  of  the  graph  is 
that  the  dollar  and  nondollar  portions  of  the 
benefits  of  each  alternative  cannot  be  added 
together.  Nevertheless,  the  graph  permits  the 
choice  maker  to  use  both  kinds  of  consequences 
together  in  comparing  alternatives.  The  choice 
clearly  becomes  one  among  explicit  alterna- 
tive actions  and  not  among   alternative  values. 


The  simple  betterness  principle,  illustrated  in 
figure  13,  narrows  the  range  of  choice  to  al- 
ternatives 2  and  5.  Alternative  5  is  equivalent 
to  alternative  1  in  terms  of  dollar  yield,  but 
superior  in  nondollar  yield.  Hence,  5  is  super- 
ior to  1,  and  alternative  1  is  no  longer  con- 
sidered. It  is  easily  seen  that  alternative  2 
is  superior  in  both  respects  to  alternative  3; 
and,  although  yielding  nondollar  returns  equal 
to  those  of  alternative  4,  is  superior  to  4  in 
terms  of  dollar  returns.  Hence,  alternative  2  is 
superior  to  alternatives  3  and  4.  At  this  point, 
then,  the  choice  is  between  alternatives  2  and  5. 

At  this  point,  too,  the  simple  betterness  meth- 
od fails  us,  even  though  it  has  served  help- 
fully to  narrow  the  range  of  choice.  Obviously, 
alternative  5  is  superior  to  alternative  2  in  terms 
of  dollar  yield  and  alternative  2  is  superior 
to  5  in  terms  of  nondollar  yield.  However,  there 
is  no  objective  way  to  measure  the  exact  dif- 
ference between  the  nondollar  yields  of  2  and 
5,  and  there  is  no  method  to  determine  whether 
this  nondollar  difference  is  equal  to,  greater 
than,  or  less  than  the  difference  between  the 
dollar  yields  of  2  and  5. 

When  this  simple  betterness  method  is  applied 
to  a  problem  like  choosing  between  cutting 
methods  to  accomplish  a  particular  purpose, 
the  betterness  or  nondollar  valuation  of  any 
specific  alternative  may  change  from  situation 
to  situation  or  site  to  site.  In  other  words, 
a  method  which  works  well  in  one  instance 
may  be  less  desirable  in  another.  Hence,  if 
is  risky  to  generalize  about  the  ranking  of  al- 
ternatives without  reference  to  the  particular 
situation   in  which  they    may  be  used. 

The  measures  of  present  values  developed 
in  this  report  can  be  used  to  fill  in  the  left- 
hand  side  of  a  graph,  such  as  that  shown  in 
figure  13.  However,  measures  of  tf.e  nondollar 
yields  of  the  alternatives  studied  have  not  been 
made.      It    appears   possible,    nevertheless,    for 


the  timber  manager  to  judge  the  relative  non- 
dollar betterness  of  these  alternatives  for  par- 
ticular purposes  and  at  least  narrow  the  range 
of  alternatives  to  be  further  evaluated.  It  also 
appears  likely  that  some  choices  may  be  com- 
pletely resolved  by  the  simple  betterness  method. 

Compensation  technique.  —  The  simple  better- 
ness procedure  outlined  above  is  recommended 
for  resolving  choices  wherever  possible  and  for 
at  least  narrowing  the  range  of  choice.  How- 
ever, the  choice  might  become  like  that  be- 
tween alternatives  2  and  5  in  figure  13.  In 
such  cases,  it  is  necessary  to  attempt  to  over- 
come the  ordinality  or  "intangibleness"  of  the 
right-hand  scale.  This  is  done  by  permitting 
the  choice  maker  to  trade  off  dollar  and  non- 
dollar values  —  or  compensate  for  the  loss  of 
one  kind  of  value  with  added  increments  of 
another.  Compensation  may  be  accomplished 
objectively  or  intuitively.  In  either  case,  the 
degree  to  which  the  choice  maker's  preferences 
conform  to  those  of  others  is  open  to  question. 

An  "objective"  method,  relying  on  precedent 
for  valuing  nondollar  yields  in  dollar  terms, 
uses  "shadow  prices."  Shadow  prices  of  the 
nondollar  yields  of  a  specific  alternative  might 
be  estimated  as  equivalent  to  the  dollar  value 
forgone  by  using  the  same  alternative  in  an- 
other instance  to  accomplish  the  same  purpose. 
For  example,  o  two-cut  shelterwood  system  may 
have  been  used  successfully  to  treat  a  roadside 
area.  Clearcutting  the  same  area  would  hove 
yielded  $400  per  acre  more  in  present  net 
worth.  Hence,  the  worth  of  the  difference  in 
nondollo'"  yields  between  the  two-cut  shelter- 
wood  and  clearcutting  might  be  taken  as  at 
least  $400  per  acre.  This  value  is  then  com- 
pared with  the  difference  in  dollar  value  yield 
between  the  two  alternatives  .  The  problem 
here  is  that  use  of  the  shadow  price  presumes 
that  the  previous  decision  was  a  good  decision, 
and  that  the  nondollar  yield  was  actually  equi- 
valent to  the  dollar  yield  given  up. 

Assume  that  alternatives  2  and  5  in  figure  13 
ore  a  two-cut  shelterwood  and  a  clearcut,  re- 
spectively. Assume  further  that  the  shadow 
price  of  the  difference  in  nondollar  yields  is 
$400  per  acre  in  present  net  worth.  Finally, 
assume  that  the  dollar  yield  difference,  in  terms 
of  present  net  worth,  between  alternatives  5 
and  2  is   $200  per   acre  in  a  new  area  being 
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considered  for  treatment.  In  this  cose,  even 
though  use  of  a  two-cut  shelterwood  would 
require  forgoing  $200  per  acre  of  dollar  yields 
(the  difference  in  present  net  worth  between 
shelterwood  cutting  and  clearcutting  in  the 
present  hypothetical  situation),  the  $400  per 
acre  shadow  price  of  the  difference  in  non- 
dollar yields  between  shelterwood  cutting  and 
clearcutting  more  than  compensates  for  the  loss.* 

In  this  study,  no  attempt  has  been  made  to 
determine  the  shadow  prices  of  the  alternative 
cutting  methods  examined.  The  study  merely 
outlines  the  method  for  obtaining  and  using 
such  values.  Nevertheless,  based  on  the  data 
examined,  it  would  appear  that  the  shadow 
prices  for  some  cutting  methods  which  may  en- 
hance esthetics  can  be  substantial  in  old-growth 
Douglas-fir. 

The  "intuitive"  method  of  compensation 
simply  requires  a  judgment  by  the  choice  maker 
that  the  total  benefits,  however  measured,  of 
a  chosen  method  are  greater  than  the  similar 
benefits  of  any  alternative.  It  is  intuitive  in  the 
sense  that  the  choice  maker  relies  more  on 
"feel"  for  the  right  choice  than  on  more  or 
less  mechanical  methods,  such  as  the  shadow 
price  valuation  method  employed  above.  A 
considerable  amount  of  experience  may  under- 
lie the  intuitive  judgment.  Although  the  more 
objective  approach  outlined  above  may  appear 
less  arbitrary,  it  cannot  be  guaranteed  to  result 
in  a  more   correct   choice. 


Summary 


Data  and  methods  for  calculating  present 
net  worths  for  several  alternative  timber  cutting 
practices  in  a  range  of  old-growth  Douglas-fir 
stand  conditions  have  been  presented.  These 
cutting  practices  have  been  viewed  as  possible 
treatment  alternatives  in  old-growth  Douglas- 
fir  where  esthetic  yield  is  also  important. 

There  is  nothing  .new  about  the  method  for 
calculating  present  net  worth.  The  calculations 
nevertheless  make  explicit  the  dollar  costs,  in 
terms  of  present  net  worths  forgone,  of  choosing 
one  method  over  others.  To  the  extent  that  old- 
growth  Douglas-fir  stands  which  are  candidates 
for  treatment  fit  the  stand  conditions  studied, 
a  reasonably  good  picture  of  the  relative  eco- 
nomic desirability  of  the  alternative  treatments 
has  been  presented.  Where  the  effect  of  man- 
agement will  be  an  allowable  cut  increment 
rather  than  on  individual  stand  yield  increment, 
valuation   should   be  on  that   basis. 

However,  the  decision  to  be  made  requires 
simultaneous  consideration  of  both  the  dollar 
and  nondollar  consequences  of  the  alternative 
cutting  practices.  Some  discussion  of  major 
kinds  of  esthetic  concepts  incorporated  in  land- 
scape design  was  presented. 

Finally,  two  kinds  of  choice  processes  were 
proposed  to  the  choice  maker:  (1)  the  simple 
betterness  method  and  (2)  the  compensation 
technique.  Future  research  might  well  be  di- 
rected toward  improvements  in  similar  choice 
processes  and  the  valuation  procedures  required. 


11 


^  Note  that  a  new  shadow  price  of  $200  per  acre  con  be 
inferred  from  this  last  case  since  the  choice  of  shelterwood 
cutting  required  giving  up  only  $200  of  present  value  per 
acre.  The  question  arises:  Which  shadow  price  should  be 
used  in  future  valuations?  Presumably,  to  the  extent  that 
the  nondollar  consequences  —  and,  hence,  differences  —  re- 
main the  same  from  case  to  case,  the  highest  valued  shadow 
price  should  be  used,  remembering  the  "good  decision"  pre- 
sumption  previously   noted. 
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Beetle-killed  Douglas-firs  near  Marys  Peak,  Siuslaw  National  Forest,  Oreg.  Photograph  taken  6  years  after  trees  died. 
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SUMMARY 


The  Douglas-fir  beetle  sporadically  kills 
large  volumes  of  Douglas-fir  sawtimber  in 
western  Oregon  and  Washington.  Salvage  of 
dead  timber  before  it  deteriorates  beyond 
economic  use  is  often  a  major  problem  for 
forest-land  owners  and  managers.  A  study  was 
started  in  1952  to  determine  how  fast  beetle- 
killed  trees  deteriorate,  the  factors  influencing 
the  rate  of  deterioration,  and  the  causal 
agents.  Preliminary  reports  were  issued  in  1 952 
(8)  and  1954  (9).'  The  present  report  com- 
pletes the  study.  Highlights  of  the  results  are: 

•  Volume    of   wood    deteriorated    increases 
steadily  with  time,  as  follows: 

Years  after  death        Percent  deteriorated 


(Board-foot 
basis) 

(Cubic- foot 
basis) 

1 

3 

1 

3 

19 

9 

5 

33 

24 

7 

45 

38 

9 

65 

56 

11 

79 

70 

•  Quantitative  wood  deterioration  the  first 
year  following  death  is  minor,  but  stain  and 
pinhole  borers  reduce  quality  for  some  uses. 
After  3  years,  the  high-quality  sapwood  is 
extenisvely  deteriorated.  By  5  years,  there 
is  significant  decay  penetration  of  the  heart- 
wood.  Deterioration  is  slower  in  the  heart- 
wood,  but  by  9  years  the  typical  beetle- 
killed  tree  is  a  broken  snag,  with  only  a 
sound  core  remaining  in  the  lower  half  of 

Numbers  in  parentheses  refer  to  selected  references,  p.  20. 


the  bole.  After  1 1  years,  deterioration  is 
usually  complete  except  for  the  butt  log  of 
the  largest  trees. 

Rate  of  deterioration  is  strongly  related  to 
age  and  size  of  tree  and,  to  a  lesser  degree, 
to  locality  -  being  faster  in  second  growth 
than  in  old  growth,  in  small  trees  as  com- 
pared with  large,  and  in  the  Cascade  Range 
as  compared  with  the  Coast  Ranges. 

Cruisers  can  use  external  tree  characteristics 
to  estimate  time  since  death  and  the  attend- 
ant amount  of  deterioration.  Some  tree 
characteristics  useful  in  backdating  are:  rel- 
ative proportion  of  small  and  large  branches 
present,  proportion  of  bole  remaining  (top 
breakage),  bark  slippage,  and  kind  and  size 
of  conks. 

The  red  belt  fungus  {Fomes  pinicola)  is  by 
far  the  most  important  agent  causing  dete- 
rioration. Among  the  insects,  pinhole  borers 
cause  degrade  during  the  first  year;  only 
minor  damage  results  from  other  wood 
borers  for  about  the  first  5  years.  Later, 
wood  borers  may  penetrate  deeply  into 
otherwise  sound  heartwood. 

Felling  breakage  is  related  to  time  since 
death  and  size  of  tree  —  when  expressed  in 
terms  of  total  number  of  breaks  or  height  of 
the  first  break. 

When  established  logging  priorities  are  for 
beetle-killed  timber,  maximum  value  will 
be  recovered  if  consideration  is  given  to: 
age  and  size  of  the  timber,  locality  differ- 
ences in  deterioration  rate,  accessibility  of 
the  timber,  topography  as  it  affects  felling 
breakage,  products  to  be  manufactured,  and 
changing  utilization  standards. 
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NTRODUCTION 


The  Douglas-fir  beetle  {Dciulnictoiuis  pseu- 
dotsugae  Hopk.)  is  a  major  killer  ol"  Douglas- 
fir  (Pseudotsuga  nienziesii  (Mirb.)  Franeo) 
lliroughout  the  range  of  the  host  tree.  Killing 
has  been  particularly  severe  in  the  Douglas-fir 
subregion  of  western  Oregon  and  Washington. 
All  known  major  outbreaks  of  the  beetle  in 
this  subregion  have  been  triggered  by  severe 
forest  disturbances,  particularly  blowdown 
from  extensive  storms  but  also  by  large  forest 
fires.  Storms  in  the  winters  of  1949-50  and 
1950-51  were  followed  by  a  beetle  outbreak 
which  killed  an  estimated  3  billion  board  feet 
of  mature  Douglas-fir  over  an  area  of  about 
4.8  million  acres.  A  major  beetle  infestation 
also  developed  from  blowdown  from  the  ca- 
tastrophic Columbus  Day  windstorm  of  1962. 
A  survey  in  the  summer  of  1965  showed  that 
2.6  billion  board  feet  had  been  killed  to  that 
time  in  western  Oregon.  It  was  estimated  that 
more  than  200  million  board  feet  of  green 
timber  adjacent  to  the  1933  Tillamook  Burn 
was  killed  by  the  Douglas-fir  beetle. 

Major  timber  salvage  programs  were  devel- 
oped following  these  disturbances  and  subse- 
quent beetle  outbreaks.  However,  the  affected 
areas  were  so  large  and  scattered,  and  access 
roads  so  limited,  that  only  a  part  of  the  timber 
was  salvaged  before  it  deteriorated  beyond 
economic  recovery.  Forest  managers  and  own- 
ers have  asked  for  better  information  on  the 
rate  of  deterioration  of  the  affected  timber  in 
order  to  schedule  salvage  programs  in  accord- 
ance with  other  forest  management  and  har- 
vesting considerations. 


Considerable  information  on  the  rale  of 
deterioration  of  fire-killed  Douglas-fir  is  known 
from  the  research  by  Kimmey  and  Furniss  (7), 
and  of  blowdovvn  from  that  by  Boyce  (3), 
Buchanan  and  Englerth  (2),  and  Childs  and 
Clark  (4).  But  essentially  nothing  was  known 
about  deterioration  rate  of  beetle-killed  Doug- 
las-fir until  the  study  reported  here  was  started 
in  1952.  A  preliminary  unpublished  report 
was  issued  in  1952  (8),  and  an  interim  Pacific 
Northwest  Forest  and  Range  Experiment 
Station  research  paper  was  published  in  1954 
(9).  The  present  paper  includes  information 
from  the  two  early  reports  and  much  addi- 
tional data  gathered  since. 

This  study  was  possible  only  through  the 
cooperation  of  several  organizations  and  many 
individuals.  The  Weyerhaeuser  Co.  provided 
much  of  the  early  impetus  for  the  investiga- 
tion and  participated  directly  by  reserving 
study  areas  and  giving  assistance  in  felling  and 
dissecting  the  study  trees.  Several  National 
Forests  in  Oregon  and  Washington  set  aside 
groups  of  beetle-killed  trees,  some  of  which 
were  felled  periodically  as  time  passed. 

Special  acknowledgment  is  made  to  the  fol- 
lowing individuals  who  participated  directly 
in  the  study  or  contributed  in  a  substantial 
way:  P.  G.  Lauterbach  and  Dr.  J.  E.  Lodewick 
of  the  Weyerhaeuser  Co. ;  John  Shallenberger  of 
the  Rogue  River  National  Forest;  and  Dr.  E. 
Wright,  now  retired,  of  the  Pacific  Northwest 
Forest  and  Range  Experiment  Station  who 
helped  initiate  the  study  in  1952,  made  many 
of  the  early  examinations,  and  coauthored  the 
two  earlier  reports. 


STUDY  OBJECTIVES 


The   principal  objectives  of  the  study  were: 

•  To  provide  forest  managers  of  the  Douglas- 
fir  subregion  with  estimates  of  the  amount 
of  wood  deterioration  in  standing  beetle- 
killed  Douglas-firs,  for  varying  periods  after 
death. 


•  To  provide  field  foresters  with  photographs 
and  descriptive  guides  for  estimating  the 
time  trees  have  been  dead. 

•  To  develop  estimates  of  breakage  when  fell- 
ing beetle-killed  Douglas-firs. 

•  To  determine  the  principal  fungi  and  insects 
causing  deterioration. 


STUDY 
AREAS  AND 
METHODS 


Beetle-killed  trees  of  known  date  of  death 
from  10  different  areas  were  used.  The  areas 
were  selected  to  sample  a  variety  of  stand  and 
climatic  conditions  in  the  Douglas-fir  sub- 
region  (fig.  1 ).  The  10  areas  represented  were: 


Estimated 

Area  Name 

Generalized  location 

stand  age 

(Years) 

Cispus  River 

Central  Washington  Cascades 

180 

Clackamas  River 

Northern  Oregon  Cascades 

240 

Mapleton 

West-side  Oregon  Coast  Ranges 

140 

Marys  Peal< 

East-side  Oregon  Coast  Ranges 

250-350 

Millicoma 

Southwest  Oregon  Coast  Ranges 

180-200 

North  Umpqua 

Southern  Oregon  Cascades 

160 

St.  Helens' 

Southern  Washington  Cascades 

100-110 

Sutherlin' 

Central  Oregon  Cascades 

250-300 

Willamette 

Central  Oregon  Cascades 

200-225 

Wind  River 

Southern  Washington  Cascades 

100-110 

'  Examined  only  in  1  9.5.?  ur  1 9^-4. 

Although  it  was  recognized  that  deteriora- 
tion rate  usually  varies  according  to  tree  age, 
the  scope  of  the  study  did  not  permit  system- 
atic sampling  by  age  classes.  Arbitrarily,  160 
years  of  age  was  used  to  separate  the  study 
trees  into  "second  growth"  and  "old  growth." 
Accordingly,  the  study  trees  at  Mapleton, 
North  Umpqua,  St.  Helens,  and  Wind  River 
were  classed  as  second  growth  and  those  in  the 
other  areas  as  old  growth. 

To  insure  that  study  data  were  recorded  to 
consistent  standards,  it  was  necessary  at  the 
outset  to  define  "deterioration."  It  was  de- 
cided that  any  wood  that  could  be  converted 
into  at  least  low-quality  lumber  would  be 
classed  as  sound.  Accordingly,  blue-stained 
wood  or  wood  with  a  few  pinholes  from 
insects  was  not  classed  as  deteriorated.  How- 
ever, any  wood  that  was  weakened  physically 
by  decay  organisms  was  regarded  as  dete- 
riorated and  unusable. 


Deterioration  analyses  usually  were  made 
at  2-year  intervals.  Five  trees,  representing  the 
diameter  range  present,  were  selected  on  each 
study  area  and  felled.  Early  in  the  study,  when 
rot  penetration  was  superficial  and  varied 
slightly,  the  trees  were  usually  bucked  at 
32-foot  intervals.  After  1954,  the  trees  were 
cut  at  16-foot  intervals,  with  additional  cuts 
if  the  decay  pattern  was  highly  vkriable  (fig.  2). 

Three  methods  were  used  during  tree  dis- 
sections to  record  sound  and  deteriorated 
volumes: 

1.  In  1952  and  1953,  the  tree  measurements 
and  rot  data  were  plotted  on  U.S.  Forest 
Service  Form  558a  and  the  volumes  com- 
puted in  cubic  feet  from  planimeter 
measurements.  Board-foot  volumes  were 
computed  by  the  Scribner  Decimal  C 
scale  with  no  deductions  made  for  shake, 
heart  rot,  butt  rot,  or  other  defects  pre- 
sent before  the  tree  was  killed  by  the 
beetles. 

2.  In  1958,  a  scale  diagram  was  made  of 
each  log  cross  section  after  it  was  cut; 
the  gross,  decayed,  and  sound  areas  of 
the  log  ends  were  drawn  to  scale.  The 
decayed  and  sound  areas  were  then 
measured  by  planimeter  on  the  diagrams 
and  the  respective  volumes  for  each  log 
computed  by  Smalian's  formula.  Board- 
foot  volumes  were  again  computed  by  the 
Scribner  Decimal  C  scale  from  diagram 
measurements.  After  one  season,  this 
method  was  abandoned  because  it  was 
too  time  consuming,  although  it  provided 
accurate  log  and  tree  volume  data. 

3.  In  1960  and  1962,  a  "four-diameter" 
method  was  used  to  record  the  field  data. 
Beginning  at  a  point  on  the  perimeter  of 
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Figure  2. 
Field  procedures  for  obtaining  deterioration  data. 


the  log  end  (usually  the  point  of  maxi- 
mum rot  penetration),  a  diameter  reading 
was  made    -   noting  the  total  diameter, 
and    the    diameter   of   the  sound   wood 
area.  Three  additional  readings  were  made 
in  the  same  way  at  suceessive  45*^  angles 
tYom  the  initial  measurement.  The  read- 
ings were  averaged  and  used  to  eompute 
the  gross,  deeayed,  and  sound  wood  eubic 
volumes  tor  each  log  by  Smalian's  formu- 
la. Board-foot  volumes  were  computed  by 
the   Scribner  Decimal  C  scale  using  the 
same  diameter  measurements.  A  compari- 
son of  the  scale  diagram  method  and  the 
four-diameter  method  showed  that  indi- 
vidual   tree    volumes    differed    by    each 
method,  but  tlie  overall  totals  were  not 
significantly    different    on    a    statistical 
basis  (P=0.01). 
Throughout  the  study,  isolations  from  wood 
samples  were   made  on   2  percent  malt  agar 
to    determine   the   fungi  associated   with  the 
progressively  deteriorating  trees.  Prior  to  1 958, 
random  samplings  were  made;  during  the  1958 
dissections,  one  sample  was  taken  from  each 
cut  from  all  felled  trees;  and  in  1 960  and  1 962, 
three  replicate  samples  were  taken  from  each 
cut  but  from  one  tree  only  at  each  locality. 
Field  records  were  taken  on  penetration  of 
and  damage  to  logs  by  wood-boring  insects. 
Sections  of  infested  logs  were  also  caged  to 
rear  borer  larvae  to  the  adult  stage  for  posi- 
tive identification,   but  relatively  few  of  the 
borers  completed  development  under  labor- 
atory conditions. 

Near  the  end  of  the  study,  felling  breakage 
was  assessed.  The  location  and  extent  of  each 
felling  break  was  recorded  for  later  analysis. 
However,  breakage  was  ignored  in  computing 
deterioration  volumes. 

To  develop  guides  for  determining  how  long 
standing  beetle-killed  trees  have  been  dead, 
both  photographic  and  visual  descriptions 
were  made.  Permanent  photo  points  were 
established,  and  photographs  were  taken  at 
2-year  inteiTals.  Field  glasses  were  used  as 
needed.  Data  were  recorded  on  the  appearance 
and  retention  of  foliage,  twigs  and  small 
branches,  large  branches,  bark  (intact,  crack- 
ing, sloughing),  top  breakage,  and  the  incidence 
of  fungus  fruit  bodies. 


RESULTS 


Deterioration  Related  to  Number 
of  Years  Dead 

The  progression  of  deterioration  (primarily 
decay)  during  the  1 1-year  study  period  is 
shown  in  table  1  and  figures  3,  4,  and  5. 
Because  of  variation  in  the  size,  number,  and 
locahty  of  trees  dissected  at  the  2-year  sampl- 
ing intervals,  these  data  show  some  annual 
departures  from  an  otherwise  straight-line  re- 
lationship between  passage  of  time  and  amount 
of  wood  deterioration.  However,  the  trend 
over  the  1 1-year  study  period  is  consistent. 
Deterioration  advanced  from  about  3  percent 
at  the  end  of  the  first  year  to  almost  79  per- 
cent at  1 1  years  on  a  board-foot  basis,  and 
from  1   to  70  percent  on  a  cubic-foot  basis. 


The  first  year  following  death,  loss  usually 
is  confined  to  sapwood  degrade  from  wood- 
staining  fungi  and  pinhole  borers  (ambrosia 
beetles).  Occasionally  some  incipient  decay 
may  occur,  making  the  sapwood  somewhat 
brash. 

By  the  end  of  the  second  year  after  death, 
sapwood  rots  are  well  established  with  signifi- 
cant wood  loss,  particularly  in  second-growth 
trees. 

The  progression  of  decay  in  trees  dead 
longer  than  2  years  can  perhaps  best  be  visual- 
ized by  study  of  the  diagrams  in  figure  6. 

After  3  years,  the  top  one-third  of  the  bole 
and  a  small  band  near  the  ground  are  the  only 


Table  1.  Average  rate  of  deterioration  of  beetle-killed  Douglas-fir  in  western 

Oregon  and  Washington' 


Number 
years 
dead 

Number 
trees 
dis- 
sected 

Average 

d.b.h. 

per 

tree 

Average 
gross 

volume 
per 
tree 

Total 

gross 

volume 

Total 
deterior- 
ation 
volume 

Deterior- 
ation 

Average 
gross 

volume 
per 
tree 

Total 

gross 

volume 

Total 
deterior- 
ation 
volume 

Deterior- 
ation 

Inches 

Board-foo 

t  measure 

'Scribner) 

Percent 

-Cub 

c-foot  mea; 

iure  — 

Percent 

1 

18 

26.2 

1,221 

21,970 

720 

3.3 

205 

3,688 

52 

1.4 

2 

46 

34.1 

2711 

124,710 

23,040 

18.5 

421 

19,358 

2,272 

11.7 

3 

7 

21.0 

561 

3,930 

760 

19.3 

123 

861 

75 

8.7 

4 

8 

23.9 

971 

7,770 

1,350 

17.4 

169 

1.353 

163 

12.0 

5 

14 

26.4 

1,3.47 

18,860 

6,180 

32.8 

220 

3,085 

750 

24.3 

6 

5 

25.4 

1,042 

5,210 

1,580 

30.3 

177 

884 

221 

25.0 

7 

33 

31.6 

2,156 

71,160 

32,230 

45.3 

329 

10,862 

4,167 

38.4 

8 

18 

23.0 

830 

14,940 

11,260 

75.4 

132 

2,381 

1,460 

61.3 

9 

36 

29.7 

1,589 

57,200 

36,905 

64.5 

251 

9,049 

5.076 

56.1 

10 

7 

21.1 

641 

4,490 

4,490 

100.0 

110 

767 

703 

91.7 

11 

23 

29.8 

1,649 

37,930 

29.880 

78.8 

253 

5,829 

4,067 

69.8 

215 

29.0 

1,712 

368,170 

148,395 

40.3 

270 

58,117 

19.006 

32.7 

'Basis:  215  trees  from  10  areas;  volume  to  an  8-incti  top. 
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Figure  3.    Relationship  of  board-foot  and  cubic-foot  deterioration  to  number  of  years  dead. 
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Figure  4.    Typical  deterioration  in  trees  dead  1  to  1 1  years.  (All  cuts  made  SJ  to  (iO  feel  above  ground. ) 
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Figure  5.    Typical  pattern  of  decay  from  bottom  to  top  of  beetle-killed  Douglas-fir  (dead  8  years). 
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Figure  6.   Progressive  pattern  of  decay  in  a  typical  beetle-killed  Douglas-fir. 


sound  portions  of  the  tree.  Almost  two-thirds 
of  the  sapwood  has  been  lost  to  decay.  Dif- 
ferential deterioration  of  the  bole  usually  is 
attributed  to  lack  of  Douglas-fir  beetle  attacks 
in  the  undecayed  areas  and  to  conditions 
unfavorable  for  decay  (cool  and  wet  at  the 
base,  hot  and  dry  at  the  top).  The  wood  in 
the  undecayed  top  of  the  snag  usually  is  very 
dry  and  casehardened. 

After  5  years,  almost  all  of  the  sapwood  is 
decayed,  except  for  a  small  portion  at  the 
extreme  top,  and  significant  deterioration  of 
the  heartwood  has  begun.  In  general,  radial 
penetration  of  decay  is  about  equal  through- 
out the  snag.  Economical  salvage  for  lumber 
or  plywood  usually  is  not  possible  from  second 
growth;  old  growth  may  still  have  considerable 
usable  volume. 

After  7  years  a  different  pattern  of  decay 
appears.  Radial  penetration  of  decay  is  deep 
in  the  lower  bole,  decreases  about  midbole, 
and  deepens  again  in  a  zone  20  to  30  feet 
from  the  top.  The  areas  of  deep  penetration 
are  setting  the  stage  for  the  next  phase  of 
deterioration  -  snag  breakage.  Salvable  volume 
usually  will  be  limited  to  the  lower  half  of 
old-growth  trees  and  is  usable  only  for  rough 
lumber  or  pulp. 


After  9  years,  the  typical  beetle-killed  tree 
is  a  snag  with  a  broken  top,  and  the  heartwood 
is  completely  decayed  except  for  an  inner 
core  in  the  lower  half  of  the  bole.  Some  sal- 
vable volume,  perhaps  usable  only  for  pulp, 
might    be   recovered   from   very   large    trees. 

After  11  years,  deterioration  is  essentially 
complete.  A  second  break  may  have  occurred 
below  the  first.  A  cone  of  sound  wood  re- 
mains in  the  butt  log  of  very  large  trees.  How- 
ever, trees  dead  this  long  are  unlikely  to  be 
recovered  profitably,  except  where  logging 
and  wood  utilization  conditions  are  highly 
favorable. 

Deterioration  by  Geographic  Locality 
and  Tree  Age 

Table  2  summarizes,  by  years  dead  and 
locality,  the  deterioration  in  all  trees  dissected 
on  the  1 0  study  areas.  From  the  deterioration 
measurements,  observations  during  the  study, 
and  experience  by  lumbermen,  it  is  apparent 
that  deterioration  varies  by  tree  age  and  lo- 
cality. For  example,  the  250-  to  350-year-old 
trees  at  Marys  Peak  in  the  Oregon  Coast 
Ranges,  which  averaged  34.9  inches  d.b.h., 
still  had  about  40  percent  of  their  original 
cubic  volume  1 1  years  after  death.  Trees  in  the 


Clackamas  River  drainage  in  the  northern  Ore- 
gon Cascade  Range  were  nearly  as  old  (240+ 
years)  and  large  (26.5  inches  d.b.h.)  but  had 
only  about  15  percent  of  the  original  cubic 
volume  1 1  years  after  death.  Although  statisti- 
cal proof  is  lacking,  the  authors  feel  that,  for 
a  given  latitude,  deterioration  is  more  rapid 
in  the  Cascades  than  in  the  Coast  Ranges.  It 
seems  reasonable  that  deterioration  is  more 
rapid  during  drier  summer  conditions  in  the 
Cascades.  The  cool,  damp  conditions  in  the 
Coast    Ranges,    particularly   on    the    western 


slopes,   appear  to  reduce  the  rate  of  decay 
as  compared  with  interior  areas. 

The  effect  of  tree  age  on  rate  of  deteriora- 
tion is  suggested  by  comparison  of  deteriora- 
tion in  140-year-old  beetle-killed  trees  at  Ma- 
pleton  and  250-  to  350-year-old  trees  at  Marys 
Peak  (table  2).  After  9  years,  36  percent  of  the 
original  cubic  volump  was  decayed  at  Marys 
Peak,  whereas,  for  the  same  period,  the  young- 
er (and  smaller)  trees  at  Mapleton  were  66 
percent  decayed.  The  two  areas  are  near  the 
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Table  _.  Progression  of  deterioration  in  beetle-killed  Douglas-fir  on  10  areas 
in  western  Oregon  and  Washington  (volumes  to  8-inch  top) 


Area  and  age  of  stand 

Years 
dead 

Trees 
ana- 
lyzed 

Gross 
volume 

Volume 
deteriorated 

Gross 
volume 

Volume 
deteriorated 

Number 

Number 

Board  feet 
(Scribner) 

Board  feet 
(Scribner) 

Percent 

Cubic  feet 

Cubic  feet 

Percent 

Cispus  (central 

8 

5 

5,030 

3,800 

75.5 

847 

511 

60.3 

Washmgton  Cascades), 

9 

2 

2,170 

1,800 

82.9 

373 

262 

70.2 

180  years 

10 

3 

2,090 

2,090 

100.0 

349 

315 

90.3 

Clackamas  (northern 

7 

5 

6,290 

3,640 

57.9 

970 

496 

51.1 

Oregon  Cascades), 

9 

5 

6,400 

5,150 

80.5 

1,014 

689 

67.9 

240  years 

11 

5 

6,590 

6,000 

910 

1,021 

860 

84.2 

Mapleton  (west-side 

7 

3 

4,320 

2,850 

66.0 

694 

385 

55.5 

Oregon  Coast  Ranges), 

8 

2 

5,190 

3,430 

66.1 

784 

447 

57.0 

140  years 

9 

5 

9,290 

6,860 

73.8 

1,389 

917 

66.0 

Marys  Peak  (Oregon 

7 

5 

17,960 

5,900 

32.9 

2,572 

703 

27.3 

Coast  Ranges), 

9 

5 

12,670 

5,320 

42.0 

1,897 

690 

36.4 

250-350  years 

11 

5 

11,840 

8,140 

68.7 

1,811 

1,078 

59.5 

Millicoma  (souttiern 

1 

7 

13,750 

390 

2.8 

2,187 

38 

1.7 

Oregon  Coast  Ranges), 

2 

20 

44,360 

8,720 

19.6 

7,333 

878 

12.0 

180-200  years 

3 

7 

3,930 

760 

19.3 

861 

75 

8.7 

4 

8 

7,770 

1,350 

17.4 

1,353 

163 

12.0 

5 

10 

15,490 

5,220 

33.7 

2,528 

695 

27.5 

6 

5 

5,210 

1,580 

30.3 

884 

221 

25.0 

7 

10 

25,920 

11,310 

43.6 

4,109 

1,471 

35.8 

9 

5 

11,500 

6,860 

59.7 

1,801 

927 

51.5 

11 

4 

6,840 

6,050 

88.5 

1,053 

810 

76.9 

North  Umpqua  (southern 

7 

5 

7,760 

4,520 

58.2 

1,179 

607 

51.5 

Oregon  Cascades), 

9 

5 

6,080 

5,190 

85.4 

1,047 

790 

75.5 

160  years 

11 

5 

6,210 

4,910 

79.1 

985 

698 

70.9 

St.  Helens  (southwestern 

5 

4 

3,370 

960 

28.5 

557 

55 

9.9 

Washington  Cascades), 

8 

6 

1,500 

1,360 

90.7 

251 

182 

72.5 

100-110  years 

9 

2 

520 

395 

76.0 

83 

41 

49.4 

Sutherlin  (central  Oregon 

2 

12 

70,110 

11,390 

16.2 

9,978 

1,004 

10.1 

Cascades),  250-300  years 

Willamette  (central 

7 

5 

8,910 

4,010 

45.0 

1,338 

505 

37.7 

Oregon  Cascades), 

9 

5 

7,180 

4,300 

59.9 

1,198 

599 

50.0 

200-225  years 

10 

1 

930 

930 

100.0 

157 

140 

89.2 

11 

4 

6,450 

4,780 

74.1 

959 

621 

64.8 

Wind  River  (southern 

1 

11 

8,220 

330 

4.0 

1,501 

14 

.9 

Washington  Cascades), 

2 

14 

10,240 

2,930 

28.6 

2,047 

390 

19.1 

100-110  years 

8 

5 

3,220 

2,670 

82.9 

499 

320 

64.1 

9 

2 

1,390 

1,030 

74.1 

247 

161 

65.2 

10 

3 

1,470 

1,470 

100.0 

261 

248 

95.0 

Total 

215 

368,170 

148,395 

- 

58,117 

19,006 

- 

11 


Table  3.  Exterior  crown  and  bole  indicators  for  estimating  how  long  beetle-killed 

Douglas-firs  have  been  dead' 


Length  of  time  since  death 

Indicator 

1  year 

2-3  years 

4-5  years 

6-8  years 

9-10  years 

Foliage 

All  present 
to  all 
gone;  any 
present 
IS  red 

0-5  percent  present 

Absent 

Absent 

Absent 

Twigs  and 

Intact 

60-90  percent  present; 

40-75  percent 

0-15  percent 

0-5  percent  present 

small 

only  very  small 

present;  fewest 

present 

branches 

branchlets  dropping 

in  areas  with 

(less  than 

frequent  snow  and 

%  inch  in 

ice  (e.g.,  Cascades) 

diameter) 

Large 

Intact 

Intact 

50-90  percent 

30-60  percent 

10-50  percent  present 

branches 

present; 

present 

intact  (% 

fewest  in  southern 

inch  and 

Oregon  Cascades 

over) 

Bark 

Intact 

Intact 

Intact,  except  for 

Some  cracking 

Considerable  cracking 

minor  cracking  in 

and  sloughing 

and  sloughing  in  top 

top  5-10  feet; 

in  top  25  feet 

50  feet  of  unbroken 

seldom  seen 

of  unbroken 

boles;  some  near 

from  ground 

boles;  none  in 
broken  boles 

tops  of  broken  boles 

Top 

Intact 

Intact 

Some  breakage  in 

Upper  one-half 

Upper  two-thirds  of 

top  one-fourth  of 

of  boles  of 

75  percent  of  trees 

crowns  of  smaller 

approximately 

broken  off.  Remainder 

trees,  particularly 

50  percent  of 

with  some  breakage, 

in  southern 

trees  broken  off 

except  a  few  very 

Cascades 

large  old  trees 

Fungi 

Blue  stain; 

P.  volvulus  conks 

P.  volvulus  conks 

F..  pinicolu 

Same  as  for  6-8  years; 

(fruiting 

fresh 

dried  up;  rudimentary 

largely  sloughed 

conks  often 

conks  somewhat  larger 

bodies) 

Polvporus 

Foines  piiilcola 

off;  F.  pinicolu 

very  large; 

voh'utus 

conks 

conks  are  bracket- 

conks  of 

conks 

(yellowish  color) 

shaped,  with 

miscellaneous 

beginning  to  appear 

reddish  margins 

species  may 

in  bark  crevices 

be  present 

'Source:  Approximately  190  tagged  trees  examined  biannually  for  a  10-year  period. 
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Figure  9.    Height  of  first  felling  break  as  related  to  number  of  years  dead. 


13 


Figure  10. 

Fungus  fndting 
bodies  coninionly 
found  on 
beetle-killed 
Douglas-firs. 


A.  Polyporus  volvatus  conks 
1  year  after  death  of  tree. 


B.  P.  abietinus  conks 
2  years  after  death  of  tree. 


C.  Fomes  pinicola  conk  developing  on  log 
2  months  after  cutting  (tree  dead  8  years). 


D.  F.  pinicola  conks  first  appearing  in 
bark  crevice  3  years  after  death  of  tree. 


E.  and  F.  F.  pinicola  conks  about  3  and  7 years  old,  respectively. 
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same  latitiuie  and  hi)th  are  in  the  Coast  Ranges, 
altliough  Marys  Peak  is  on  the  somewhat  drier, 
warmer  eastern  slope. 

Estimating  How  Long  Trees  Have  Been  Dead 

Figure  7  illustrates  the  appearance  of  seven 
sample  trees  dead  from  2  to  1 0  years;  and 
table  3  gives  a  descriptive  summary  of  the 
various  indicators  of  the  time  of  death,  based 
upon  periodic  examinations  of  190  tagged 
trees. 

Estimating  time  of  death  for  the  first  5 
years  can  be  done  rather  precisely,  after  which 
it  becomes  increasingly  difficult.  The  first  few 
years  following  death,  inspection  of  the  a- 
mount  of  dead  foliage,  fine  branches,  large 
branches,  and  size  of  Fomes  pinicola  (Swartz) 
Cke.  conks  enables  the  observer  to  estimate 
the  time  of  death  within  1  or  2  years,  and 
thereby  estimate  the  amount  of  remaining 
merchantable  volume.  For  trees  dead  more 
than  5  years,  the  most  reliable  indicators  are 
the  proportion  of  branches  remaining,  the 
amount  of  top  break  (i.e.,  proportion  of  bole 
still  intact),  and  the  size  (age)  of  F.  piiiicola 
conks. 

The  observer  should  adjust  his  estimates 
according  to  locality  and  tree  age  and  size.  On 
the  average,  the  general  appearance  of  beetle- 
killed  trees  in  the  Cascades  of  southwestern 
Oregon  declined  most  rapidly  of  those  stud- 
ied which  was  also  true  of  the  internal  dete- 
rioration as  discussed  earlier.  Trees  in  the  Ore- 
gon Coast  Ranges  remained  intact  longest.  It 
appears  that  crowns  of  trees  subject  to  fre- 
quent ice  and  snow  storms  break  up  sooner 
than  those  in  the  coastal  rain  belt.  Large  old- 
growth  trees  remain  intact  longer  than  second- 
growth  trees. 

If  the  observer  uses  figure  7  and  table  3  to 
estimate  when  trees  died  and  then  refers  to 
table  2  to  determine  the  remaining  mer- 
chantable volume,  he  should  arrive  at  an 
assessment  suitable  for  most  purposes. 

Estimating  Felling  Breakage 

Felling  breakage  of  beetle-killed  Douglas-fir 
is  a  composite  expression  of  the  internal  con- 
dition of  the  snag,  the  faller's  skill,  and 
topography    of   the    impact  site.   Because  of 


these  variables,  felling  breakage  in  terms  of 
volume  loss  was  omitted  fYom  computations 
in  this  study.  Instead,  only  the  number  and 
height  of  breaks  were  computed  and  are 
shown  as  two  regression  curves.  The  first 
regression  curve  (fig.  8)  relates  the  number  of 
felling  breaks  to  snag  diameter;  the  second 
curve  (fig.  9)  relates  the  height  of  the  first 
felling  break  (as  a  percent  of  the  original 
merchantable  height)  to  the  number  of  years 
the  tree  has  been  dead.  Both  curves  are  needed 
to  estimate  the  breakage  for  a  given  snag. 
An  example  of  how  to  use  these  curves  in 
estimating  the  number  and  height  of  breaks: 
Assume  a  26-inch-d.b.h.  snag  dead  for  7  years 
with  an  original  merchantable  height  of  100 
feet.  The  regression  line  from  figure  8  indicates 
that  the  probable  number  of  felling  breaks 
will  be  three.  Figure  9  indicates  that  the  first 
felling  break  (for  7  years  dead)  will  be  at  64 
percent  of  the  original  merchantable  height 
(100  feet),  or  64  feet. 

Fungi  and  Insects  Causing  Deterioration 

Fungi.  —  Wood-destroying  fungi  are  by  far 
the  most  important  causes  of  deterioration  of 
beetle-killed  Douglas-fir.  Stains  (caused  pri- 
marily by  Ceratocystis  spp.  fungi)  appear  very 
soon  in  the  sapwood  after  the  Douglas-fir 
beetle  attacks  a  tree.  The  spores  of  these 
fungi  are  borne  on  the  bodies  of  the  beetles. 
The  stains,  usually  categorized  as  "blue  stains," 
spread  rapidly  throughout  the  sapwood  of  the 
dying  tree.  The  first  year  following  death,  they 
are  the  only  fungi  causing  degrade  of  the 
wood,  primarily  in  the  form  of  discoloration, 
although  affected  wood  is  somewhat  more 
brash  than  normal  wood. 

Sapwood  decays  become  more  important 
the  second  year  after  tree  death  and  increase 
in  importance  until  about  the  fourth  year, 
when  the  sapwood  in  most  beetle-killed  trees 
is  essentially  destroyed.  The  most  important 
cause  of  sapwood  decay  is  FoDies  pinicola, 
the  common  red  belt  fungus  familiar  to  most 
foresters  (fig.  10,  C,  D,  E,  and  F).  Other 
decays  affecting  the  sapwood  to  a  lesser 
degree  are  Polypunis  volvatus  Pk.  (fig.  lOA) 
and  Polyponis  abiethnis  (Dicks.),  ex  Fr. 
(fig.  lOB).  P.  volvatus  conks  frequently  appear 
on  beetle-killed  trees  the  year  following  death, 
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1958 

TREES  DEAD  6-7  YEARS 


1960 
TREES  DEAD  8-9  YEARS 


1962 

TREES  DEAD  10-11  YEARS 


TOTAL 
TREES  DEAD  6-11  YEARS 


Figure  11.   Decay  fungi,  and  wood-inhabiting  molds  and  stains  isolated  from  beetle-killed  Douglas-fir. 
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A.  Galleries  of  ambrosia  beetles  which 
mine  in  sapwood  first  year  following 
death  of  tree  (Weyerhaeuser  photo). 


C.  Roundheaded  borer  penetrating 

about  4  inches  into  otherwise  sound 

heartwood  of  tree  dead  5  years. 


B.  Roundheaded  borer  working  in 
decayed  sapwood  of  tree  dead  3  years. 


D.  Flatheaded  borer  damage  extending 
near  center  of  otherwise  sound 
heartwood  of  tree  dead  7 years. 


to 


Figure  12.    Damage  by  wood- boring  insects. 
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but  tliey  usually  dry  up  and  drop  off  in  about 
2  years.  F.  pinicola  conks  first  appear  in  bark 
crevices  of  killed  trees  in  about  3  years. 
Knowing  when  these  various  conks  appear  is 
helpful  in  backdating  the  time  of  tree  death. 

The  only  fungus  cultured  from  decayed 
heartwood  was  F.  pinicola,  which  was  preva- 
lent in  all  trees  dissected.  This  fungus  invades 
the  heartwood  about  4  years  after  tree  death 
and  advances  steadily  until  it  reduces  all  the 
wood  to  a  characteristic  brown,  crumbly 
consistency. 

Of  a  total  of  534  attempted  isolations,  31 
percent  were  identified  as  F.  pinicola  (fig.  1 1 ). 
Other  wood-destroying  fungi  accounted  for  4 
percent  of  the  total,  while  Poiicillium,  Tricho- 
dernia,  and  other  wood-inhabiting  molds  ac- 
counted for  52  percent  of  the  isolates.  Un- 
identified cultures  (2  percent)  and  no  growth 
( 1 1  percent)  complete  the  picture. 

Insects.  —  The  Douglas-fir  beetle,  which 
kills  the  trees,  mines  only  in  the  cambium. 
Except  for  loosening  the  bark  and  serving  as 
the  carrier  of  fungal  spores,  it  causes  no  damage 
to  the  wood.  Ambrosia  beetles  and  borers 
(fig.  12)  are  the  only  insects  causing  signifi- 
cant wood  damage. 

The  first  year  following  tree  death,  a 
flatheaded  borer,  Melanophila  dnimmondi 
(Kirby),  and  a  roundheaded  borer,  Tetropium 
velutinum  Lee,  heavily  infest  the  phloem. 
These  borers  do  little  if  any  damage  to  the 
wood  but  loosen  the  bark  and  hasten  the 
entry  and  progress  of  rots.  Ambrosia  beetles. 


or  pinhole  borers,  mainly  Trypodendron  bi- 
vittatum  (Kirby)  and  Gnathotrichus  retiisus 
Lee,  also  heavily  attack  the  sapwood  of  many 
trees  the  first  year  after  death  (fig.  12A). 
Attacks  are  mainly  in  the  first  log;  the  insect 
galleries  and  accompanying  stain  penetrate 
well  into  the  sapwood,  causing  degrade  if  the 
tree  is  to  be  converted  to  lumber  or  plywood. 
If  the  tree  is  converted  to  chips,  the  loss  is 
minor.  Damage  by  ambrosia  beetles  is  more 
serious  if  logs  are  exported.  Some  countries 
refuse  entry  unless  logs  are  fumigated,  which 
is  costly. 

From  about  the  second  to  fifth  year  after 
tree  death,  several  species  of  wood  borers 
attack  the  sapwood  (fig.  12B).  However,  rot 
usually  has  already  penetrated  beyond  their 
area  of  attack,  and  little  real  insect  damage 
results.  Borer  species  found  in  infested  sap- 
wood  include  two  or  more  species  of  horntails 
{Xeris  spp.),  the  flatheaded  borers  Buprestis 
aundoita  L.  and  B.  langi  Mann.,  and  round- 
headed  borers  of  the  genera  Xylotrechus 
and  Neoclytus. 

Borers  in  the  heartwood  cause  consider- 
ably more  damage  than  those  in  sapwood 
because  they  frequently  penetrate  well  beyond 
the  rot  (fig.  12,  C  and  D).  The  most  common 
roundheaded  borers  were:  Leptura  obliterata 
Ha  Id.,  Arhopalus  productus  (Lee),  and 
Asemum  atnim  Esch.  A  few  instances  of 
damage  by  the  very  large  roundheaded  borer 
or  "timber  worm,"  Ergates  spiculatus  Lee, 
were    found    in    partly   decayed  heartwood. 


DISCUSSION  AND 
RECOMMENDATIONS 


Historically,  Douglas-fir  beetle  outbreaks  in 
western  Oregon  and  Washington  have  been 
very  large  —  sometimes  covering  several  mil- 
lion acres  and  killing  billions  of  board  feet  of 
merchantable  timber.  The  rapid  and  extensive 
killing  creates  many  problems  in  salvaging  and 
utilizing  the  timber  before  it  deteriorates.  The 


size  of  the  salvage  job  usually  dictates  that  it 
be  done  over  several  years  and  that  certain 
priorities  be  set  in  order  to  recover  maximum 
values.  Factors  affecting  logging  priorities  in- 
clude age  of  the  timber,  geographic  locality, 
accessibility,  end  product,  changing  utiliza- 
tion, and  nearness  to  old  burns.  These  and  the 
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possibility  of  advance  Telling  to  reduce  losses 
will  be  discussed  in  order. 

Age  of  the  Killed  Timber 

Second-growth  Douglas-fir  deteriorates  con- 
siderably faster  than  old  growth.  This  fact  is 
well  known  in  the  timber  industry,  although 
the  magnitude  of  the  difference  may  not  be 
fully  realized.  Two  reasons  for  differences  in 
deterioration  rates  are  the  greater  percentage 
of  sapwood  in  young  trees  and  the  growth 
rate.  Sapwood,  which  deteriorates  much  faster 
than  heartwood,  may  comprise  40  percent  or 
more  of  young  trees,  whereas  it  is  often  less 
than  15  percent  in  old  growth.  In  the  present 
study  sapwood  averaged  21.6  percent  for  all 
trees  (fig.  3).  In  their  study,  Kimmey  and 
Furniss  (7)  showed  that  fire-killed  Douglas-fir 
with  wide  growth  rings  deteriorated  much 
faster  than  those  with  narrow  rings. 

Geographic  Locality 

As  pointed  out  previously,  deterioration  is 
faster  in  the  Cascades  than  in  the  Coast  Ranges, 
and  in  the  southern  part  of  the  Douglas- fir 
subregion  as  compared  with  the  north.  This 
may  be  of  significance  to  large  timberland 
owners  who  are  unable  to  conduct  salvage 
concurrently  on  all  their  lands. 

Accessibility  of  the  Killed  Timber 

Gaining  access  to  beetle-killed  timber  is  a 
problem  on  undeveloped  areas.  Experience  has 
been  that  the  killed  timber  often  is  seriously 
deteriorated  by  the  time  roads  into  remote 
areas  are  financed,  engineered,  and  built. 
While  major  cost  and  prompt  effort  are  usu- 
ally justified  to  reach  beetle-kill  areas,  strong 
emphasis  should  also  be  placed  on  immediate 
salvage  of  killed  timber  adjacent  to  existing 
roads.  By  so-doing,  a  maximum  of  high-quality, 
nondeteriorated  timber  can  be  removed. 

Consideration  should  be  given  to  gaining 
access  first  to  those  areas  where  the  beetle-kill 
is  heaviest  and  logging  easiest.  In  steep  country, 
breakage  in  felling  killed  timber  increases 
sharply. 

End  Product  of  the  Salvage  Timber 

The  intended  use  of  the  salvage  material 
might  well  have  a  large  bearing  on  where  and 


what  to  log  first.  For  example,  killed  timber 
that  is  planned  for  conversion  to  high-grade 
plywood  or  finish  lumber  should  be  logged 
sooner  than  timber  destined  for  low-grade 
lumber  or  chips.  The  "rind"  of  clear  sapwood 
remains  almost  entirely  sound  for  the  first 
year  following  death  of  a  tree,  but  by  the  end 
of  the  third  year  it  is  usually  almost  completely 
destroyed,  leaving  a  relatively  knotty  core 
unsuitable  for  high-quality  products. 

Changing  Utilization  Standards 

The  deterioration  volume  estimates  in  this 
report  are  based  on  present  utilization  stand- 
ards. The  kinds  and  quality  of  material  that 
can  be  profitably  removed  from  the  woods 
vary  throughout  the  Douglas-fir  subregion  - 
depending  on  difficulty  of  the  logging  show, 
distance  to  mills,  end  product  for  the  logs, 
marketing  demand,  and  other  factors.  How- 
ever, it  has  become  increasingly  possible  to 
log  low-quality,  partly  deteriorated  material 
profitably.  If  this  trend  continues,  the  wood 
recovery  estimates  in  this  report  will  doubtless 
prove  conseiTative. 

From  the  logging  priority  standpoint,  a 
forest  manager  might  choose  to  delay  salvaging 
a  particular  area  of  low-quality  beetle-killed 
timber  because  a  chip  plant  was  scheduled  to 
be  in  operation  in  a  few  years.  Instead,  he 
might  concentrate  the  current  salvage  effort 
in  an  area  of  high-quality  timber  where  the 
beetle-killed  trees  were  most  suitable  for  ply- 
wood or  lumber. 

Proximity  of  Beetle-Kill  to  Old  Burns 

Furniss  and  Kimmey  reported  in  their  study 
of  fire-killed  timber  (7)  that  there  was  a 
correlation  between  amount  of  borer  damage 
and  nearness  to  old  burns.  No  observations 
were  made  in  this  regard  in  the  present  study, 
but  it  seems  probable  that  borer  damage 
would  also  be  greater  in  beetle-killed  timber 
near  old  burns,  previous  beetle  outbreak  areas, 
major  blowdown,  and  slashings.  Logging  prior- 
ities should  be  infiuenced  accordingly. 

Felling  in  Advance  of  Roading  and  Logging 

Some  owners  could  consider  felling  beetle- 
killed  timber  in  inaccessible  areas  soon  after 
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deatli  —  even  though  it  may  be  impossible  to 
log  them  for  several  years.  Two  reasons  for 
doing  this  are  decreased  felling  breakage  and 
slower  deterioration  rate.  Unquestionably,  this 
practice  would  reduce  breakage  considerably, 
and  the  felling  job  would  be  much  safer. 
Whether  deterioration  would  actually  be  slow- 
er if  the  trees  were  felled  is  not  known.  The 
difference  probably  would  be  small,  if  any, 
except  perhaps  in  wet  coastal  areas  where 
coverage  by  dense  vegetation  and  moss  seems 
to  slow  deterioration. 

So  far  as  is  known,  no  timber  operators  have 
actually  used  this  procedure,  but  it  should  be 
considered  where  economic  and  utilization 
conditions  are  favorable. 

In  summary,  we  suggest  that  forest  managers 
keep  in  mind  the  following  recommendations 
when  setting  priorities  for  salvaging  beetle- 
killed  Douglas-fir: 


1.  Salvage  second  growth  before  old  growth. 

2.  Schedule  salvage  in  the  southern  part  of 
the  Douglas-fir  subregion  ahead  of  that  in 
the  north,  and  in  the  Cascades  ahead  of 
that  in  the  Coast  Ranges. 

3.  Salvage  first  the  areas  where  beetle-kill 
is  heaviest  and  logging  easiest. 

4.  Salvage  killed  timber  that  is  intended  for 
conversion  to  high-quality  lumber  or 
plywood  sooner  than  timber  to  be  used 
for  low-grade  lumber  or  chips. 

5.  Recognize  changing  utilization  standards 
and  product  demands  in  salvage  schedules. 

6.  Give  priority  to  killed  timber  adjacent  to 
old  burns,  major  blowdowns,  and  other 
disturbances,  to  minimize  damage  by 
wood  borers. 

7.  Consider  falling  trees  as  soon  as  possible 
after  they  are  beetle-killed  —  even  though 
they  may  not  be  logged  for  some  time  — 
to  reduce  felling  breakage,  and  possibly 
deterioration. 
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Headquarters  for  the  PACIFIC  NORTHWEST  FOREST  AND 
RANGE  EXPERIMENT  STATION  is  in  Portland.  Oregon.  The 
area  of  research  enconnpasses  Alaska,  Washington,  and 
Oregon,  with  some  projects  including  California,  the  Wes- 
tern States,  or  the  Nation.    Project  headquarters  are  at: 

College,  Alaska 

Juneau,  Alaska 

Seattle,  Washington 

Olynnpia,  Washington 

Wenatchee,  Washington 

Portland,  Oregon 

Bend,  Oregon 

La  Grande,  Oregon 

Corvallis,  Oregon 

Roseburg,  Oregon 


The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agricul- 
ture is  dedicated  to  the  principle  of  multiple  use  management 
of  the  Nation's  forest  resources  for  sustained  yields  of  wood, 
water,  forage,  wildlife,  and  recreation.  Through  forestry 
research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  Na- 
tional Grasslands,  it  strives  —  as  directed  by  Congress  —  to 
provide  increasingly  greater  service  to  a  growing  Nation. 
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